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enlarged by the insertion of many fresh problems. 
The number of Examples has also been greatly in- 
creased by the introduction of papers set at the vanous 
Examinations mentioned in the Table of Contents. 

Shootbbs Hill: ilfay 1878. 



CONTENTS. 



Tntsoductobt Bemabils 



PAGB 
1 



CHAPTER L 

Practical Plans Gbombtbt. 
rauBLBM 

I. To bisect a rectilineal angle . . . .3 

II. At a point in a straight line to make an angle equal to a 

given rectilineal angle . . . . .3 

III. Through a point to draw a straight line parallel to a given 

straight line . . . . . .4 

IV. To divide a straight line into n equal parts, n being a 

power of 2 . . . . . .4 

V. To draw a straight line from a g^ven point perpendicular 

to a given straight line . . . .5 

VI. To divide a straight line into n equal parts, n being any 

number whatever . . . . .6 

VII. To draw circles of given radii touching each other . . 7 

VIII. To draw a tangent to a given circle from a point either 

without or on the circumference . . .7 

IX. Upon a straight line to describe a segment of a circle which 

shall contain a given angle . . . .8 

X. To describe a circle passing through three given points not 

in the same straight line . . . .8 

XI. To find a mean proportional between two given lines 9 

XII. Through equidistant points in a straight line to draw a series 

of parallel straight lines at a given distance apart . 9 
XIII. To describe a circle of given radius touching two given - 

straight lines which cut each other . ^ 10 



1 



Vi CONTBNTS. 

' PnOBLKM PAAB 

XIV. To describe a circle which shall touch a given line in a 

given point and also tyoch a given circle • .10 

XV. To divide a straight line similarly to a given divided 

bne • . • • . • .11 

XVI. To describe a parallelogram, eqnal to a given triangle, and 

having an angle eqnal to a given angle • .11 

XVIL To describe a circle, which shall have a given radins, tonch 
a given line and have its centre in a straight line, 
making a given angle with the former . . .11 

XVIII. To divide a straight line in extreme and mean ratio . 12 
XIX. To reduce a rectilineal figure of n sides to an equivalent 

figure having a number of sides lees than n • .12 

XX. Upon a given line to describe a rectilineal figure similar 

to a given rectilineal figure . . . .13 

XXI. To determine the direction of the line which would bisect 
the angle contained by two straight lines intersecting 
beyond the limits of the drawing . . .13 

XXn. Upon a given straight line to describe an isosceles triangle 

having a given vertical angle . • . .14 

XXriT. To describe a square upon a given straight line . .14 

XXIV. To describe a square equal to the difference of two given 

squares . . . . . . .14 

XXV. To determine the position of a point at which lines drawn 

from three given points shall make with each other 
angles equal to given angles . . • .15 

XXVL To draw a straight line which shall touch a given circle, 

and make a given angle with a given line • .15 

XXVII. To trisect a straight line . . • . .16 

XXVIII. From two points on the same side of a given line to draw 
two straight lines which shall meet in that line and make 
equal angles with it . . • • .17 

XXIX. To find a fourth proportional to three given straight 

lines . . . • • . .18 

XXX. To find a line the square on which shall be equal to the 

sum of the squares on any number of given lines . 19 
XXXI. To bisect a triangle by a straight line parallel to one of 

its sides . . . . . . .20 

XXXII. To describe a polygon similar to a given polygon, but of 

half its area . . . . . .21 

XXXUI. To construct a square having a given ratio to a given 

square . . . . . . .22 

XXXIV. To bisect a trapezium by a straight line drawn through 

one of its angles « . . • .22 



CONTENTS. 



vu 



PROBLEM PAGB 

XXXV. To divide a triangle into two parts in a given ratio, by a 
straight line drawn through a given point in one of its 
sides . . . . . . . 23 

XXXVI. To divide a triangle into two parts, in a given ratio, by a 

line making a given angle with one of its sides . . 24 

XXXVII. To describe an equilateral triangle equal to a given 

isosceles triangle . . . . .25 

XXXVIII. To describe a triangle equal to one given triangle and 
similar to another . . . . .26 

XXXIX. To divide a triangle into n equal parts by straight lines 

parallel to one of its sides . . . ,26 

XL. To place a regular octagon in a given square . . 27 

XLL To describe a regular polygon equal to a given tri- 
angle .... ... 28 

XTiTI. To describe three equal circles touching one another . 29 
XLIII. To describe a circle of given radius touching two given 

circles . . . . . . .30 

XLIV. To describe a circle which shall pass through two given 

points and touch a given circle . . .31 

XLV. To inscribe a square in the quadrant of a circle . 31 

XLVI. To inscribe a square in any segment of a circle . 32 

XLVII. To inscribe a circle in the quadrant of a circle . 33 

XLVIII. Prom a given point to draw a straight line which shall 

be cut in extreme and mean ratio by a given circle . 34 

XLIX. To divide a circle into n equal concentric annuli . 34 

L. To draw a common tangent to two given circles . 35 



Examples for Practice . . . • . .36 

Questions set at Woolwich Entrance Examinations from 1866 to 



1873 



44 



CHAPTER n. 



On the use of the Sector, the Protractor, and the Marquois Scales . 51 

The Line of Lines . • . . . .51 

The Line of Chords • . . . • .53 

The Line of Polygons .. . . . . .54 

The Marquois Scales . • . . • .55 

The Protractor , . . . . . .56 

Examples for Practice . • • • .67 



viii 



CONTUnd. 



CHAPTER IIL 






PACK 


Scales ...... 


• 60 


Examples of Plain Scales 




. 61 


Examples of Comparative Scales 




. 63 


Diagonal Scales . 




. 65 


The Vemiep 




. 66 


Examples for Practice 




.67 


Miscellaneous Exercises 




. 70. 


Examination Papers 




. 77 


College of Preceptors . . 




. 77 


Cambridge Local Examinations 




. 7fi 


City of London College . 




. 80 


Royal Military Academy, Woolwich 




. 81 


Eoyal Military College, Sandhurst, Entrance . 


. 84 


Boyal Military Academy, Woolwich, Entrance , 


. 89 


Boyal Indian C. E. College, Entrance 


• 


. 101 



ELEMENTARY 



GEOMETRICAL DRAWING. 



PAET L 



INTRODUCTORY REMARKS. 

Before attemptinq to draw the diagrams of the following pro- 
blems, the beginner is advised to read and to pay particular 
attention to the following directions ; his progress will thereby 
be facilitated, and he will speedily acquire the habits of neatness 
and accuracy, which are essential in this branch of study. 

I. Use Paper of good quality, not too highly glazed, and 
place it smoothly on the drawing-board. 

II. Avoid as much as possible the use of India-rubber on a 
drawing, previously to inking it in. 

in. Use a tolerably hard and very fine pencil, and take care 
to keep it inclined at the same angle to the plane of the paper, 
throughout the operation of drawing a line, moving it in a plane 
perpendicular to that of the paper. 

IV. Use Indian ink, free from grit, carefully rubbed down 
with water, introducing it between the blades of the pen, with a 
slip of paper, without wetting the outsides of the blades. 

V. Keep all the instruments clean and in good order, being 

B 



2 IMTRODUCTORT BEMABKS. 

especially carefiil to wipe the pens perfectly dry before laying 
them aside, and never to allow any ink to dry upon them. 

VI. In solving proT^lems, draw given lines thin and con- 
tinuous; LINES OF CONSTRUCTION, thin and dotted; and those 
lines which constitute the solution of the problem thick and 
continuous. Mark given points by small circles, as shown in the 
plates. 

YII. Be very exact in determining the positions of points : 
when possible, avoid doing so by means of lines which intersect 
at an angle less than 20°. When a line has to be drawn through 
a point, ascertain, before drawing it, that the edge of the ruler 
is so placed that the point of the pencil will pass through the 
point. 

VIII. In describing circles, do not let the stationary leg of the 
compasses make a hole throtigh the paper. 

IX. In drawing lines with the pen, hold it in the same manner 
as that directed for tne pencil, so that both nibs may press equally 
upon the paper. 

X. Do not pass over any problem until you perfectly under- 
stand its solution. 
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CHAPTER I. 

PRACTICAL PLANE GEOMETRY. 

Problem I. 

To bisect a rectilineal angle. 

Let MAN (PL I. Fig. 1) be the given angle. 

With A as a centre, and a radius less than either A M or A N, 
describe a circle, cutting these lines in B and C. 

With B and C as centres, and a radius greater than half the 
distance from B to C, describe two circles intersecting in D. 
Join A D. 

A D will bisect the angle M A N. 

To prove this, join B D, CD, and apply Euc, I. 8. 

Obs. In Euclid's construction of thib problem, the triangle B D C is equi- 
lateral, only because he has not previously shown how to construct an 
isosceles triangle. 

Problem II. 

At a point in a straight line^ to make an angle equal 
to a given rectilineal angle. 

Let MAN (PI. I. Fig. 2) be the given angle, P the point, in 
the line P Q. 

With A as a centre, and a radius less than either AM or AN, 
describe a circle cutting these lines in B and C. 

With P as a centre, and a radius P Q equal to A B, describe 
the circle Q R. 

With the dividers set off Q R equal to B C. Join P R. 

b2 



4 PBACTICAL PLANE <}EOH£TKT. 

The angle Q P B will be equal to the angle MAN. 

For the arc Q B is equal to the arc C B, and (Euc. iii. 27) in 
equal circles the angles which stand upon equal circumferences 
are equal to one another. 

Obs, If the straight lines B, Q B be drawn, the equality of the angles 
M A N, Q PB Biay be proved by Ettc. l 8. 



Fboblem ni. 

Through a pointy to draw a straight line parallel to a 
given straight line. . 

Let M N (PI. I. Fig. 3) be the given line, P tftie point. 

With P as a centre describe a circle cutting M N in A. 

With A as a centre, and a radius A P, describe a circle cutting 
MNinQ. 

With the dividers make AB equal to P Q. 

The straight line drawn through P and B will be parallel to 
M N {Euc. III. 27, and i. 27). 



Problem W. 

To divide a straight line into n equail parts ; n being a 
power of 2, 

Let M N (PI. I. Fig. 4) be the given line. 

1. Let n=2. With M and N as centres, and a radius greater 
than -^ M N, describe two circles intersecting in A and B. 

Join A B ; if A B cut M N dn a, « will be the point of bi- 
section of M N {Euc. I. 8 and 4). 

2. If n=4, bisect a N in ^ by a construction similar to that in 
the preceding case. 

JNwiUbe^ofMN. 

In the same manner, by repeated bisections, -J, -j^, ^, ^, &c., 
of the line M N may be found. 
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Problem V. 

To draw a straight line, from a given pointy perpendi- 
cular to a given straight line. 

Let P be the given point, M N the line. 

1. Let P (PI. I. Fig. 5) be without and not near the end of 
MN. 

With P as a centre describe a circle, cutting M N in A and B. 
With A and B as centres, and a radius greater than ^ A B, 
describe two circles intersecting in C. 
Join PC; let it cut M N in Q. 
P Q is the perpendicular required {Euc, i. 8, 4, and Def. 10). 

2. Let P (PI. L Fig. 6) be in, and not near the end of, MN. 
Make P A equal to P B. With A and B as centres, and a radius 
greater than ^ A B, describe two circles cutting in Q, 

Join P Q ; P Q will be the perpendicular required (JSuc, i. 8). 

3. Let P be without, and near the end of, M N (PI. L Fig. 7). 
In M N take a point A; join PA; if PA be not perpendicular 
to M N, bisect P A in C ; with C as a centre and C A as a radius, 
describe the circle A Q P, cutting M N in Q. 

Join P Q; P Q will be perpendicular to M N (Euc. iii. 31). 

4. Let P be in, and near the end of, M N (PI. L Fig. 8). Take 
a point C not in M N : join PC; if P C be not perpendicular to 
M N, vrith C as a centre, and radius C P, describe a circle cutting 
M N in A; draw the diameter ACQ. 

Join QP; PQ will be perpendicular to MN {Euc» in. 31). 

Obs. The fottrth case may be solyed by the following construction : — 

With P (PI. L Fig. 9) as a centre, and a radius of 4 equal parts, describe 
a circle cutting M N in A ; and also a second circle, with a radius of 3 equal 
parts from the same scale. 

With centre A and a radius of 5 such equal parts, describe a third circle 
cutting the second in Q. 

Join P Q ; P Q will be perpendicular to M N (Euo, i. 48). For, 3' + 4« « 5\ 

N.B. This method is often employed in the field when no instrument for 
measuring angles is at hand. 
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Ex. Let it be leqoired to start from the station P, <m the line M N, in a 
direction at right angles to M N. 

Measure the distance PA 8 fe^ and the distances QA, QP, 10 and 6 
feet respcctirely. 

P Q will be perpendicular to M N, and is, therefore, the direction 
required. 

It is evident that any other unit of length may be used instead of feet ; 
also that the sides of the triangle may be any numbers which are to one 
another as 3, 4, and 5. 

Pbobleu VI. 

To divide a straight line into n equal parts ; n being 
any number whatever. 

Let M N (PL I. Fig. 10) be the given line, and n=al3. From 
M draw an indefinite straight line M A, perpendicular to M N. 

With N as a centre, and a radius of thirteen equal parts, taken 
from a scale, and such that their sum is greater than M N, de- 
scribe a circle cutting M A in A. 

Join N A, and divide it into thirteen equal parts, by setting 
off along it thirteen times one of the equal parts taken from the 
scale. 

Through the points of division g^, g^, g^i 94i &c. &c., draw 
SiPv 92P21 9aPzj 94Pii &C' <^c,, parallel to MA. MN will be 
divided in the points pn P2f Pa Pa^ ^^*9 similarly to N A; but 
N A is divided into thirteen equal parts, therefore M N is also 
divided into thirteen equal parts. 

Obs, This method of* dividing a line will be foimd useful in the 
construction of plain scales. 

Note, The line may, for ordinary purposes, be divided more simply by 
the following construction. Draw any line N A making an angle, about 
equal to half a right angle, with MK, set off on it with the dividers 13 
equal parts, of any length as ^la* ^ia^ii> &c. : join the last point A with 
M, and through all the other points g^, g^i &e. draw parallels to AM as 
9iPi* 9aPay &c. 

Cor. To find any fraction of a given line. 

Let M N {PI. I. Fig. 10) be the given line, n the denominator 
of the fraction ; in this case suppose w= 13. 
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Describe the right-angled triangle M A N as before. 
Complete the rectangle A B N M, 

Through ^p g^^ g^, ^4, &c. &c., draw gitni, g^^^ g^m^, g^m^, 
&c. &c., parallel to M N or to A B. 
Then, by similar triangles — 

^9ii i 5'i2Wii2::AN:NM. 
biitN^i2=Tg- of AN,%^i2mi2=-i^ of MN. 
Similarly it may be shown that gn^nn^-^^ of MN; gif^io 
=f^ofMN; ^97^9=-^ of MN; &c. &c. 

Obs. This will he applied in the construction of diagonal scales. • 

Problem VII. 
To draw circles, of given radii, to touch each other. 

Draw an indefinite straight line MN (PL I. Fig. 11) ; in it 
take a point P, as the point of contact. 

Make P A, P D equal to the given radii. 

With A and D as centres, AP, DP as radii, describe the 
circles Q P, S P. These circles will touch each other in P 
(Euc, III. 11). 

In the same manner circles P V and P R may be described 
with C and B as centres, C P and B P as radii, touching each 
other, and Q P, S P, in the point P. 

For all circles which pass through P, and have their centres in 
MN, touch each other in P {Euc, m. 11 and 12). 

Problem VIII. 

To draw a tangent to a given circle from a point either 
without or on the circumference. 

1. Let the point P (PL I. Fig. 12) be without the circle Q C R, 
Find S, the centre of the circle (Euc. iii. 1). 

Join P S, upon it, as a diameter, describe the semicircle P R S, 
cutting QCR in R. Join PR; P RT will be the tangent 
required (Euc, iii. 31 and 16). 

2. Let the point Q (PI. I. Fig. 12) be on the circumference. 
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Find the centre S, join Q S. 

Thmagh Q draw A Q B perpendicnkr to Q S {Proh. Y. 4) 
A QB will be a tangent {Eue. m. 16, oor.). 

C<yr. A circle maj be described to touch a giren strmigbt line, 
as A B (PL L Fig. 12) in a giren point Q, bj drawing from Q, 
Q S perpendicular to A B, making Q S eqnal to the radius of the 
required circle, and with centre S, radius SQy describing the 
circle Q C B (Eue. ni. 16). 

Problem IX. 

Upon a straight line to describe a segment of a cirde 
which shall contain a given angle. 

Let MN (PI. I. Pig. 13) be the given line, B the angle. 

1. If B be a right angle, upon M N describe the semicircle 
MPN. 

The angle in the segment MPN will be a right angle, and 
therefore equal to B (Euc, iii. 31). 

2. If B (PI. I. Fig. 14) be not a right angle. 

At the points M and N, in the line M N, make the angles 
NMD, MND each equal to B. 

Draw M A and N A, peipendicular to M D and N D respec- 
tively, intersecting in A ; M A will be equal to N A (Euc, i. 6). 

With A as a centre, and a radius A M, or A N, describe tihe 
circle M Q N P ; the angle in the segment M Q N, or that in the 
segment MPN, will be equal to B (Euc. iii. 32), accordingly as 
B is greater or less than a right angle. 



Problem X. 

To describe a circle passing through three given points, 
not in the same straight line. 

Let P, Q, R (PL I. Fig. 15) be the given points. 
Join P Q, Q R, bisect the lines P Q, Q R in A and B. 
Draw A C, B C perpendicular to P Q, Q R, respectively, and 
intersecting in C. 
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The point C being eqtddistant from P, Q, and R (Eue. I. 4), 
is consequently the centre of the circle P Q R, passing through 
the points P, Q, R {Euc. iii. 9). 



Problem XI. 

To find a mean proportiona] between two given lines. 

Let A, B (PI. I. Fig. 16) be the lines. 

Draw an indefinite straight line M N ; in it take a point P. 

Make P D equal to A, P E equal to B. 

Upon D E describe the semicircle D Q E. 

Draw P Q perpendicular to M N, and meeting the circum- 
ference in Q. 

P Q will be the line required {Euc. vi. 8). 

Cor, To determine the side of a square whose area is given. 

Let the area be n superficial units. 

Take D P (PI. I. Fig. 16) equal to n lineal units : and P E 
equal to one unit. 

Determine P Q, the mean proportional between D P and P E : 

P Q will be the side of the square required : for 

P Q2=P DxP E=nxl=n, and P Q=:>/n. 

Ohs, This construction is useful when n is not a square numbety 
and it is required to determine accurately the side of the square. 



Problem XII. 

Through equidistant points in a straight line, to draw 
a series of parallel straight lines at a given distance apart. 

Let M N (PI. I. Fig. 17) be the given line ; i>i, i>a, Pz, &c. &c., 
the given points ; d the given distance. 

On P1P2 describe a semicircle : in it place the straight line 
/>i^29 equal to d : 

Join />2^29 ^^^ produce p^mj indefinitely. 
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Draw p^ m^, p^ m^^ p^ m^ ice d:c parallel to p^ ai^t ^^bb will 
be the lines required {Eue. ni. 31, and vi. 2). 

C^. The given distance d can nerer be greater than tiie dis- 
tance between two of the given points. 



Pboblex XnL 

To describe a circle of given radius toaching two giyen 
straight Unes which cut each other. 

Let M N, N O (PL H. Fig. 4) be the given lines ; bisect the 
angle M N O by the line N P (Prob. L). 

From any point in P N, draw B Q perpendicular to N O and 
equal to the radios of the circle. 

Draw Q R parallel to N P, cutting N O in R. 

Draw R C perpendicular to N O, cutting N P in C ; C will be 
the centre of the circle. 

Draw C S perpendicular to N M, 

Then {Eve. i. 34) C R is equal to B Q ; {Euc. i. 26) C R is 
equal to C S , therefore the circle described with C as a centre 
and radius C R will pass through S, and touch the lines M N and 
O N {Euc. III. 16). 

Problem XIV. 

To describe a circle, which shall touch a given line in 
a given point, and also touch a given circle. 

Let M N (PI. II. Fig. 6) be the given line, P the given point, 
C the centre of the given circle S T Q. 

Draw P B perpendicular to M N ; and C Q parallel to P B. 

Join P Q ; let P Q meet the given circle in T : join C T, and 
produce it to meet P B in O. 

Then the triangles T C Q and P O T are similar ; and C T 
is equal to C Q ; therefore O P is equal to O T ; also O P is 
perpendicular to M N ; consequently the circle described with 
centre O and radius O P will fulfil the conditions {Euc, in. 16 
and 12). 
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Problem XV. 

To divide a straight line similarly to a given divided 
line. 

Let M N (PL II. Fig. 6) be the line divided into any number 
of parts in pi, p^^ Pzj Pai ^^* ^^' ^ Q the line to be divided. 

Draw M N parallel to P Q at a convenient distance from it. 

Join M P, N Q ; if M N be equal to P Q, M P will be parallel 
toNQ. 

Draw ^1 «i, i?2 ^2> Pz <^3» Pa ^4> ^c* ^^") parallel to M P. 
Then P Q will be divided in the points, aj, Oj, a,, ^4, &c. &c. ; 
similarly to M N {Euc. i. 34). 

If M P be not parallel to N Q (PI. 11. Fig. 7), let them meet 
in A. Join Apj, Apg* APg, Ap4, &c. &c., cutting P Q in the 
points a J, ag, ^3, ^4, &c. &c. Then P Q will be divided in these 
points similarly to M N {Euc. vi. 2). 

Problem XVI. 
To describe a parallelogram, equal to a given triangle, 
and having an angle equal to a given angle. 

Let P Q R (PI. II. Fig. 8) be the given triangle. Bisect any 
side Q R in S. Make the angle R S A equal to the given angle. 

Through R draw R B parallel to S A ; through P draw P A B 
parallel to Q R. 

A B R S will be the parallelogram required {Euc, i. 41). 

Cor, The construction shows how to bisect a triangle by a line 
drawn through one of its angles. 

Problem XVII. 
To describe a circle, which shall have a given radius, 
touch one given line, and have its centre in a straight line 
making a given angle with the former. 

Let M N (PI. II. Fig. 9) be the line which the circle is to touch; 
N P that which is to contain the centre. 

From any point M in M N draw M Q perpendicular to M N, 
and equal to the given radius. 

Draw Q C parallel to M N, and cutting P N in C ; and C T 
parallel to Q M. 
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Then C T is equal to Q M (Euc. L 34), and C T M is a right 
angle ; therefore the circle whose centre is C and radius C T will 
touch M N (Euc, III. 16). 

Problem XVIII. 
To divide a straight line in extreme and mean ratio. 

Let M N (PI. II. Fig. 10) be the line. 

Through M draw A C perpendicidar to M N {Proh, V. 4). 

Make M A equal to -^ M N ; A C equal to A N ; MP equal 
to M C. 

M N will be divided in the point P, so that N M : M P: : 
M P : P N {Euc. II. 11 ; VI. 17). 

Problem XIX. 

To reduce a rectilineal figure of n sides to an equi- 
valent figure having a number of sides less than n. 

Let the given figure A B C D E F G (PI. II. Fig. 11) have 
seven sides. Produce A B indefinitely, 

Join F A ; through G draw G R parallel to F A. 

Join F R ; then {Euc, i. 37) the triangle F R A is equal to 
the triangle F G A ; 

The triangle F O A is common to both of these triangles ; 

Therefore the triangle F O G is equal to the triangle R O A. 
From the figure A B C D E F G take the triangle FOG; to the 
remainder add the triangle R O A ; and the resulting figure, 
B C D E F R, will evidently be equal to the original figure, 
A B C D E F G, which has thus been reduced to an equivalent 
figure of six sides. 

Join E R ; through F draw F P parallel to E R. 

Join E P ; the figure B C D E P, of five sides, will be equal 
to the figure B C D E F R, and therefore equivalent to the figure 
A B C D E F G. 

Join D B ; through C draw C S parallel to D B ; join D S ; 
the figure P S D E, of four sides, will be equal to AB CD EF G. 

Join E S ; through D draw D Q parallel to E S. 

Join E Q ; the triangle E P Q will be equivalent to the original 
figure. 
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The proof in each step of the reduction is similar to that in the 
first. 

Obs. This problem is of frequent occurrence whan an irregular polygon 
of any number of sides has to be reduced to an equiyalent triangle, for the 
purpose of calculating its area. 

Ex. Draw £ a perpendicular to P Q'; then 

the area of the triangle £ F Q>-i£ a x P Q: 

if, therefore, £ a, P Q, be measured by means of a scale, the area may 
immediately be found. 

Problem XX. 

Upon a given line, to describe a rectilineal figure simi- 
lar to a given rectilineal figure. 

Let A B C D E F (PI. H. Fig. 12) be the given figure ; ah 
the given line. 

Join A C, A D, A E. 

At the points a and h in the line a h make the angles hac, 
ah Cj equal to B A C, A B C, respectively ; at a and c in a c, 
make the angles c ad, acd, equal toCAD, ACD; at a and d 
in a d, make the angles ead, ade^ equal to E A D, A D E ; 
at a and e in •a ^, make the angles e afj a ef, equal to E A F, 
AEF. 

The figure ahcd e/ will be similar to the figure A B C D E F. 

Cor. AB CDE¥ : ahcdef :: AB^ ; a h^ {Euc. yi. "20), 

If, therefore, ahcdef ia required to be = ' 

n 

ah^ ^sr , and a 5 = — =^. This shows how to describe a rec- 

n //n 

tilineal figure similar to a given rectilineal figure, and having any 

ratio to it. 

Problem XXI. 

To determine the direction of the line which would 
bisect the angle contained by two straight lines intersect- 
ing beyond the limits of the drawing. 

Let P Q and R S (PI. IIL Fig. 16) be the lines. 
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In P Q take a point O. 

Draw O T parallel to S R. 

Make O T equal to O P. 

Join P T ; produce it to meet S R in R. 

Draw M N bisecting P R at right angles. 

M N if produced, would pass through the point of intersection 
of P Q and R S ; and bisect the angle between them (Euc. i, 5, 
29 and 4). 

Problem XXII. 

Upon a given straight line, to describe an isosceles 
triangle having a given vertical angle. 

Let P Q (PL III. Fig. 17) be the given line. 
Produce Q P to S, and make the angle T P S equal to the 
given vertical angle. 

Bisect the angle T P Q by the line P R. 

Make the angle P Q R equal to the angle Q P R. 

R P Q will be the triangle required (JEuc. i. 32 and 13). 

Pboblem XXIII. 

To describe a square upon a given straight line. 

Let AB (PI. ni. Fig. 18) be the line. 

Draw A £ at right angles to A B ; make A F equal to A B ; 
through F and B draw F D and B D respectively parallel to B A 
and A F. A F D B will be the square required {Euc, i. 46). 

Ohs, If AD be joined, AB : AD :: 1 : ^2 {Euc. i. 47); 
this will be useful in describing one figure half or double 
another. 

Problem XXIV. 

To describe a square equal to the diiFerence of two 
given squares. 

Upon M N the side of the greater square describe a semicircle 
M PN (PI. m. Fig. 19) ; in it place a line N P equal to the side 
of the less square {Euc, iv. 1). 

Join M P, the square on M P will be equal to the difference of 
the squares on M N and N P {Euc. iii. 31, and i. 47). 
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Pkoblem XXV. 

To determine the position of a point at which lines, 
drawn from three given points, shall make with each other 
angles equal to given angles. 

Let P, Q, R (PL m. Fig. 20) be the given points ; on P R 
describe a segment of circle P S R, containing an angle equal to 
that which the lines drawn from P and R are to contain : com- 
plete the circle. 

Make the angle PRT equal to the angle which the lines 
drawn from P and Q are to contain. 

Join T Q ; produce it to meet the circumference in S. S will 
be the required point ; as will be seen by joining P S, R S 
(Euc. in. 21). 

Problem . XXVI. 

To draw a straight line which shall touch a given circle 
and make a given angle with a given line. 

Let M N (Fig. 1) be the given line, O the centre of the given 
circle R S T. 

Fig. 1. 




From any point M in M N draw a straight line M Q, making 
with N M the angle N M Q, equal to the given angle {Proh. 11.). 
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Draw O B perpendicular to M Q, and meeting the circum- 
ference in T (Prob. V. 1 ). 

Draw TP parallel to Q M (Prob. III.). P T will be the line 
required {Euc. i, 29, and iii. 16, Cor.). 

pboblem xxvn. 

To trisect a straight line. 

Let M N (Fig. 2) be the given Mne. 

Fia. 2. 




On it describe the equilateral triangle M N O {Euc. 1. 1). 

Draw MP and NP, bisecting the angles OMN, ONM, 
respectively {Prob. I.). 

Draw P Q and P R paraUel to O M and O N {Prob. III.). 

Then P Q R is an equilateral triangle (Euc. i. 29 and 32). 

Also M Q is equal to P Q ; and N R is equal to P R (Euc. i. 
29 and 6) ; therefore, MQ==QR = RN. 

Otherwise. On M N as a diagonal, describe any parallelogram, 
MPNS. 

Draw P U and S T to the middle points of M S and P N, these 
lines will trisect M N in Q and R. {Euc. i. 34 ; vi. 2). 
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Problem XXVIIL 

From two points on the same side of a given line to 
draw two straight lines which shall meet in that line, and 
make equal angles with it. 

Let M N (Fig. 3) be the line, P and Q the points. 

Fio. 8. 




Draw Q R perpendicular to M N, and cutting it in S (Prob. 
V. 1). 

Make S K equal to Q S. 

Join P R ; let it cut M N in O. Join Q O. P and Q O 
are the lines required. 

For the angle Q O S is equal to the angle R O N(^t»c. i. 4) ; 
therefore P O M=Q O N (Euc. i. 15, and Ax. 1). 



a 



») 
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0/=scrf; P=A; O Q=«/; join P Q; the square on P Q 
vrill be equal to the sum of the squares on A, B, G, D, E 
(Euc. I. 47V 

Fio. 6. 




B 



Pboblem XXXI. 

To bisect a triangle by a line parallel to one of its 
sides. 

Let A B C (Fig. 7) be the triangle. Bisect A C in D ; draw 
D £ perpendicular to A C and equal to A B : make A F, equal 
to A £. 

Through F draw F G parallel to B C. The triangle A G F 
will be half the triangle ABO. 

For A E : A C: :l : ^2 {Prob. XXIII) ; 

.••AF: AC::i : V2. 
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Also, triangle A G F : triangle A B C : : A .F« : A C« (,Euc. 

IV. 19) ;:i:2. 




,--/B 



Problem XXXII. 

To describe a polygon similar to a given polygon, but 
of half its area. 

Fio. 8. 




Let A B C D (Fig. 8) be the given figure. Find, as in Prob, 
XXXL, A F, so that A F : A B: : 1 : ^^2 ; on A F describe tba 
fignze A F G H, similar and similarly situated to A B C D 
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Tte figure A F G H will be half the figure A B C D (Euc. 
VI. 20). 

Problem XXXIII. 

To construct a square having a given ratio to a given 
square. 

Let A B C D (Pig. 9) be the given square. 



Fig. 9. 



B 



G 



H 



E 



Take a straight line F E, such that D C : F E is the given 
ratio. 

To D C and E F take a mean proportional L K. 

On L K describe the square L K H G. 

Then, D C-' : L K^ : : D C : F E {Euc. v. def. 10). 

Cor, A similar construction may be applied to find a recti- 
lineal figure of any number of sides, similar to, and having a 
given ratio to, a given figure. 



Problem XXXIV. 

To bisect a trapezium by a straight line drawn through 
one of its angles. 

Let A B C D (Fig. 10) be the given figure. Draw the 
diagonals A C, B D. 
Bisect A C in E ; through E draw E F paiallel to B D, and 
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meeting A D in F ; join B F ; B F will bisect the figure 
A BCD. 

Fig. 10. 

B 




Join BE, ED; BEDCis half the figure A B C D (Euc. 
I. 38), but B F D C is equal to B E D C (Euc. i. 37). 
/.B F D C is also half A BCD. 



Problem XXXV. 

To divide a triangle into two parts, in a given ratio, 
by a straight line drawn through a given point in one of 
its sides. 



Let ABC (Fig. 11) be the given triangle, P the point Tak« 

a point D in A B, so that 

Fig. 11. 

A 



B D : D A is the given 
ratio. 

Through D draw D E 
parallel to P C ; join P E. 

Then (Euc. i. 37) the 
triangle PBE is equal to 
the triangle B D C, and 
the triangle A D C is equal 
to the figure A P E C. 

But (Euc, VL 1) triangle 
B D C ; triangle A D C::B D : D A. 

/.Triangle B PE : figure A P E C :: B D : D A. 
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Problem XXXVI. 

To divide a triangle into two parts, in a given ratio, 
by a line making a given angle with one of its sides. 

Let ABC (Fig. 12) be the given triangle, A B D the given 
angle. Produce A C to meet B D in D. 

Take the point £ in A C so that A E : A C in the ratio of 
the part to be cut off to the whole triangle. 

Fio. 12. 




Take A P a mean proportional between A E and A D ; draw 
P F parallel to B D ; join E B. 
The triangle A B D : triangle A F P: : A D« : A P*, 

::AD: AE, 

: : triangle A B D : tri- 
angle ABE; 
/.triangle A F P= triangle ABE. 
But triangle ABE: triangle A B C:: A E : A C; 
/.triangle AFP: triangle A B C::A E : A C. 
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Problem XXXVH. 

To describe an equilateral triangle equal to a given 
isosceles triangle. 

Let ABC (Fig. 13) be the given isosceles triangle, A BsA G. 
On B C describe the equilateral triangle B D C ; join D A 
and produce it to K ; D K will be at right angles to B C. 

Fig. 13. 







On D K describe the semicircle D £ K ; draw A E perpen- 
dicular to D K ; make K F equal to K E ; draw F H parallel to 
D C, F G parallel to D B. 

The triangle F G H is equilateral because it is similar to 
B D C; also, K D : K F: :K F : K A {Euc. vi. 8), 
butK D : KF::K B : K G {Euc. VI. 2) ; 
.%K F : K A::K B : K G, and the angle F K B is 
common to the triangles F K G, AK B; .'. {Euc, VL 15) the 
triangle F K G is equal to the triangle A K B, and consequently 
the triangle F G H is equal to the triangle ABE. 
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Problem XXXVni. 

To describe a triangle equal to one given triangle and 
similar to another. 

Let ABC (Fig. 14) be the triangle to which the reqtdred 
triangle is to be similar, D E F that to which it is to be equal ; 
place the triangles so that B C and E F are in the same straight 
line ; draw A G parallel to B F ; join G F ; draw D H parallel 
to G F, and meeting E F produced in H ; join G H : the triangle 

Fia. 14. 





G E H is equal to D E F {Euc, i. 37) : take K L a mean pro- 
portional to B C and EH; on K L describe the triangle K M L 
similar to A B C, so that B C and K L are homologous sides. 
Then the triangle ABC; triangle G E H: : B C : E H ; 
.-. the triangle ABC: triangle D E F: :B C : E H, 

::BC«:KL2. 

But (Euc, VI. 19) 

the triangle ABC: triangle K M L: :B C« : K L^ ; 
.% the triangle K M L is equal to the triangle D E F. 

Problem XXXIX. 

To divide a triangle into n equal parts by lines parallel 
to its sides. 



Let ABC (Fig. 15) be the given triangle. On A B describe 
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the Eeinicircle A D B ; diride A B into « equal parts in d, e,f, 
etc. ; draw d D perpendicnlot to A B; make A m equal to A D ; 
draw m G parallel to B C. 




The triai^Ie A n» G : triangle A B C::An»»: A B», 

: : A d : A B, 
;:i :»; 

.-.triangle A m G ia : of triangle ABC. 

Similarly it can be shown that AnHis -ofABC, Aj>K 
? of ABC,&c. &c. 



Problem XL. 
To place a regular octagon ia a given square. 
Let A BCD fFig. 16) be the given square. Draw die 
di^^nalflAC, BD; mnkeOa=OS=Oc=Orf=lialf the aide of 
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the square ; draw 6a F, E(fN, McL, K6H parallel to the 
diagonals respectively : EF6HKLMN will be the octagon 



Fig. 16. 




required. This may be shown at once by producing the sides 
which are parallel to the diagonals till they meet, when they will 
form a square equal to the given square. 

Problem XLI. 

To describe a regular polygon equal to a given 
triangle. 

Fig. 17. 




M ^ -' L 



l^et ABC (Fig. 17) be the given triangle. Make the angla 
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A B D equal to the angle subtended at the centre of the circnm- 
Bcribing circle by a side of the polygon. 

Take B E=- of B C (n being the number of sides of the re* 
n 

quired polygon) ; draw E F parallel to A B : then triangle 

AEB=AFB=- of triangle A B C. Take B N a mean pro- 

n 

portional to A B and B F ; complete the triangle N B G by 

making B G=B N and joining G N. 

Then since A B : B N::B G ; B F, the triangie G B N= 

A B F ; but A B F=- of A B C/.the polygon when completed 
being n times G B N=the triangle ABC. 

Problem XLII. 
To describe three equal circles touching one another. 
Let A B (Fig. 18) be equal to the diameter of each circle. 

Fig. 18. 



with A and B as centres and a radius A B describe two arce 
intersecting in G. 
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With A, B, and C as centres and a radius equal to half of 
A B describe three circles : these will be the circles required 
{Euc. III. 12). 

Problem XLIII. 

To describe a circle of given radius touching two given 
circles. 

Let A and B (Fig. 19) be the centres of the given circles, A 
andB 

Fio. 19. 




With A as a centre and a radius equal to the sum of tne 
radius of A and that of the circle required describe a circle ; with 
centre B and a radius equal to the sum of the radius of B and 
that of the required circle describe a circle cutting the former in 
C ; with C as a centre and the given radius describe a circle : 
this will touch A and B {Eilc. hi. 12). 
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Problem XLIV.' 

To describe a circle which shall pass through two given 
points and touch a given circle. 

Let P and Q (Fig. 20) be the given points, A B E the given 
circle. 

Fia. 20. 




Describe a circle A B Q P passing through P and Q and 
cutting the circle A B E in B and E ; join A Q, P B; join A B 
and produce it to meet P Q produced in D : then the triangles 
A D Q and P D B are similar. Draw D E touching the circle 
A B E in E ; describe a circle passing through P, Q and E : this 
will be the circle required. 

For A D . D B=:D E2=P D . D Q, .'.D E is a tangent to the 
circle F E P, which /.touches ABE. 



Problem XLV. 

To inscribe a square in the quadrant of a circle. 

Let ABC (Fig. 21) be the given quadrant. 

Bisect the angle B A C by the straight line A D meeting the 
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circumference in D ; draw D E parallel to A C and D F 
parallel to B A. 



Fio. 21. 




DEAF will be the square required (Euc. i. 34 and 6). 

Problem XLVI. 

To describe a square in any segment of a circle. 

Let A F E B (Fig. 22) be the given segment. Bisect A B in 
H ; draw B G perpendicular to A B and equal to H B ; bisect 

Fig. 22. 




H B in D ; join C D ; draw H E parallel to C D and E P 
parallel to G B ; take H G equal to H P; draw G F perpendicular 
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to A B ; join F E : F G P E is the square required. Through 
K, the centre of the circle, draw M K N parallel A B. 
Then {Euc. i. 34) M G=N P and {Euc. iii. 14) M F=N E; 
.-. F G=E P and F E=G P. 
AlsoEP :HP::CB : BD, 

::2 : 1, /. E P=2 H P=iG P. 
And the figure is equilateral ; it is rectangular by con* 
struction. 

Problem XLVII. 

To inscribe a circle in the quadrant of a circle. 

Let ABC (Fig 23) be the given quadrant. Bisect the angle 
C A B b J the straight line A D, meeting the circumference m 



Fig. 23. 




D ; draw D E at right angles to A D and meeting A B produced 
in E ; make E F equal to E D ; join D F ; draw F G perpen- 
dicidar to A E and meeting A D in G. 

Then the angle E D G=E F G, and the angle E D F= 
E F D ; therefore the remainder G D F=G F D, and G D = 
G F {Euc. I. 6). 

Therefore the circle whose centre is G and radius G D or G F 
is the circle required {Euc, iii. 11 and 16). 

D 
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Problem XLVIII. 

From a given point to draw a straight line which 
shall he cut in extreme and mean ratio by a given 
circle. 

Let P (Fig. 24) be the given point, A B D the given circle. 
C its centre. 

ifio. 24. 




Draw P Q touching the circle A & D in Q; in this circle place 
the straight line E D equal to P Q ; draw C F perpendicular to 
E D and describe the circle F G H. From P draw P A B 
touching this circle : P A B will be the line required. 

For A B=E D {Euc, in. 14) =P Q, 
and P B . P A=P Q^ {Euc. in. 36)= A B« ; 

.-.p B : A B::A b : p a {Euc. vi. 17). 

Problem XLIX. 
To divide a circle into n equal concentric annuli. 

Let ABC (Fig. 25) be the given cii:cle, D its centre. On C D 
describe the semicircle D a ft C ; take C m the nth part of D C; 
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draw m/at right angles W C Dand meeting Dai' 
D as a centre and« radius D/deawihe a circle/ a; 




Tlien the circle A B C: circle /» y::D C*. D /» 

::DC :Din; 

.'.the circle ABC; ring A3:BC:;D C : C m, 

and the ring A n B C is ' of tlie circle ABC. 

The other tardea can be drawn in the same way \>y dividing 
D C into n eqiial parts as ehovrn id the figure. 



Probleh L. 

To draw a common tangent to two given circles. 

Let A and B (Fig. 26) be the centres of the circles. 
(1) Let the points of contact be on the same side' of tlie line 
joining tlie centres ; witli centre A and radius A C equal to the 



86 



FBACTICAL PLANE ^SEOMETRT. 



difference of the radii of A and B describe the circle C K ; draw 
B C touching it in C ; join A C and produce it to meet the cir- 
cumference in D ; draw B E parallel to A D, and join D E : 
D E will touch both circles, since R C is a rectangular parallelo- 
gram. 

f iG. 26. 




(2) Let Ifhe points of contact be on opposite sides of the line 
joining the centres ; describe the circle L H with centre A and 
radius equal to the sum of the radii of A and B, and proceed as 
before. 



EXAMPLES FOR PEACTICE. 

1. Find, by geometrical construction, a fourth proportional to 
three straight lines, whose lengths are 2f , 3;^, If inches, respec- 
tively {Prob. XXIX.). 

2. Draw a line 3 inches long ; assume a point about 2 inches 
above it, and from this point draw a perpendicular to it (Prob, V.). 

3. Describe a circle 2 inches in diameter ; then describe two 
circles, each equal to the first, touching it and each other. 

4. Draw two circles having radii of 1 and 1*2 in. respectively, 
touching each other {Prob. VII.). 
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5. Draw 5 parallel lines at '2 in. apart, the top line being thin 
and dotted, the bottom line thick and dotted, the middle one being 
thick, the intermediate lines thin. 

6. Construct a triangle having its sides A B, A C, B C,=2, 3, 
and 3 '5 inches respectively, and make an angle equal to the 
angle ABC (Frob, 11.). 

7. Describe a circle of 1*4 in radius, and draw tangents, inter- 
secting each other, from two points in the circumference 90** 
apart (Prob. VIII.). 

8. Erect a perpendicular to one of the tangents in Ex. 7, at 
a point '5 in. distant from their intersection. Or, show how to 
let faU a perpendicular upon a straight line from a given point 
above it {Frob, V. 3). 

9. Draw a straight line 2*5 in. long, and from its right ex- 
tremity let fall a perpendicular=2'2 in {Froh, V. 4). 

10. Draw a straight line, A B, 3 in. long, and from a point D, 
*5 in. from A, draw a line D C, making an angle of 45^ with 
D B, without using tbe protractor (Frob, V. 2 ; I.). 

11. Assume two points 1*8 in. apart, and describe an arc of a 
circle with a radius of 2 in. passing through them. 

12. Draw four parallel lines alternately dark and light. The 
lines to be 4 inches long. 

13. Describe three circles touching one another, taking as their 
centres the angles of an equilateral triangle of 2 inches side. Ink 
in one circle in a dark line, the second in a light line, and the 
third in a dotted line {Frob, VII.). 

14. Draw a line 4 inches long, and divide it, by construction, 
into 7 equal parts {Frob, VI.). 

15. Draw 3 concentric circles, with radii equal to 1 in., 
1^ in., and 1^ in. Ink in the outer circle with heavy dots, the 
middle circle with chain dots, and the inner circle with simple 
dots. 

16. Draw a line 3 in. long, and at its middle point erect a 
perpendicular 1^ in. high (Frob, V.) 

17. Draw a circle 2 in. in diameter, and, by construction, draw 
a tangent to a point in its circumference {Frob, VIII.). 

18. Draw a line 3 inches long intersecting a line 4 inches long 
at right angles {Frob, V.). 
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19. Draw two straight lines, A B, CD, each 6 inches long, 
inclined to each other in such a manner that A is 2 inches from 
C ; and B 3 inches from D ; and draw a straight line which, if 
prolonged, would pass through the intersection of their pro- 
longation {Proh. XXI.). 

20. Construct a triangle having no side less than 1^ in., and 
no angle less than 30° ; and describe a circle passing through its 
angular points {Frob, X.). 

21. Draw 3 circles with radii equal to 1 inch, and each circle 
touching the other two. 

22. Draw an irregular pentagonal figure having all its angles 
salient from the centre, and no side less than 1 inch long. Con- 
struct a square of the same area {Frob. XIX. and XVL). 

23. Describe a circle with a radius of 1*2 in. ; assume a point 
3 J inches from its centre, and draw a tangent to it by construc- 
tion {Frob. VIII.). 

24. Find a mean proportional between two lines, 2^ in. and 
1 in. long ; and figure its length on the diagram {Frob, XI.). 

25. Construct a triangle having its 3 sides 2 in.^ 2^ in.^ and 
3 in., respectively, and describe a circle touching the sides. 

26. Describe a circle of 1*5 in. radius. Draw two tangents, 
intersecting each other, from points 60° apart. 

27. Draw arcs of 30°, 50°, 70°, with radii which are as 3, 2, 1 ; 
the middle arc to be of contrary flexure to the other two, and 
tangential to both of them, forming with them a continuous 
curve. 

28. Construct a triangle of 4 sq. in. area, such that one of its 
angles is 40° and another 60°. 

29. Draw a square of 3 in. side. Divide one of its diagonals 
into 7 equal parts, and draw straight lines through the points of 
division parallel to the other diagonal and terminated by the sides 
of the square. 

30. Construct a triangle having two of its sides 3^ in. and 3 in. 
respectively, and the angle opposite to the shorter of these sides 
equal to 50°. Figure the values of the third side and of the re- 
maining angle. 

31. Construct the polygon A B C D E F from the following 
data: — 
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Sides, A B=2 in., A P=l-7 in. 
Diagonals, A D=4 in., A B=3*Q5 in. 
Angles, ABC=3ai°, B A D=59i°, BAE=119^^; 
B A F=125^ 

Write down the magnitude of each side not given. 

32. Construct a scale for the figure in Ex, 31, supposing A B 
to represent 300 yards. 

33. Draw a line 4 in. long, and erect a perpendicular from its 
right extremity, without producing it. 

34. Describe a circle of 1^ in. radius touching each of the lines 
in Ex. 33. 

35. Construct a triangle of which the sides shall be 3^, 3, and 
2 J in. respectively. Ascertain, w^ith the protractor, and note on 
the triangle the values of the two greater angles. 

36. Describe a circle with a radius of l^in. ; draw a tangent 
to it, by construction, from a point 3 inches from the centre. 

37. Describe a circle of 2 in. radius; divide the circumference 
into 12 equal parts; draw radii through the points of division, 
but terminate them at the circumference of a concentric circle 
of ^ in. radius. 

38. Draw a triangle having one angle=55°, and the sides con- 
taining this angle If in. and 2 in., respectively. Find the centres 
of the inscribed and circumscribed circles. 

39. A line 200 ft. long is represented on a drawing by a line 
5 in. long. Make a scale of feet for the drawing and give its 
representative fraction. 

40. From a point A draw two straight lines A B, A C, each 
equal to 2-5 in., and making with each other an angle B A C=45*'. 
Bisect the angle without using the protractor {Frob. I.). 

41. Describe a circle 3 in. in diameter, assume a point in its 
circumference, and through this point draw a tangent to it 
{Frob, Vm.). 

42. Draw a line 3*75 in. long, and divide it, by the method of 
describing arcs, into 4 equal parts {Frob. IV.). 

43. Construct a five-sided rectilineal figure having its sides 
equal to 2, 2^, 2^, 2J, and 3 in., respectively, and two of its 
angles right angles. Keduce this figure to a triangle {Frob, 
XIX.). 
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44. With a radiius of 6 in. describe an arc of a circle of about 
S(f, and draw a straight line tangential to the arc at one of its 
extremities (Frob. VIII.). 

45. Using the arc described in^o?. 44, find bj construction the 
centre of the circle of which it is the arc {Euc. III. 1, Cor.), 

46. Constructanglesof 15**, 30^45^60**, 120^ without the 
aid of the protractor. 

47. Construct a square on a side of 1*2 in., and describe a circle 
about it {Frob. XXIII.). 

48. Draw, on a scale of 40 yards to an inch, a triangle of 
which each side equals 120 yds. Bound off one of the angles 
with the arc of a circle touching the two sides forming that angle. 
Ink in the figure with a dark line {Frob, XIII.). 

49. Draw, on the same scale, 5 figures similar to the above and 
external to it, at distances irom it of 5, 7, 9, 10, 15 yds. respec- 
tively. Ink in the first two of these five figures in dotted lines ; 
those at 9 and 10 yds. distant in fine lines, and the exterior one 
in a dark line. 

50. Draw a circle having a diameter of 2^ in., and supposing 
its centre unknown, show how to find it (^uc. iii., 1, Cor,), 

51. Draw a line 3*75 in. long, and divide it into 9 equal parts 
{Frob, VI.). 

52. Draw a line A B, 2^ in. long, assume a point C, ^ in. 
above B, in such a position that a line joining B and C would be 
perpendicular, or nearly so, to A B. Describe a circle passing 
through C and touching A B, at a point J in. from A {Frob. 
VIIL). 

53. Draw on a scale of 45 yds. to an inch an irregular figure, 
A B C D E F, according to the following instructions: — ^A B= 
145 yds., B C=117 yds., theangle AB C=135% C D = 88 yds., 
the distance A D=202 yds , D E=141 yds., the distance A Eac 
148 yds., E F=84 yds., F A=87 yds. 

54. Reduce the figure in Ex, 53 to a triangle : figure the sides 
of the triangle and its area {Frob, XIX.). 

55. Draw a straight line 3 in. long, and from a point nearly 
opposite to, and 2 in. from, one of its extremities, let fall a per- 
pendicular to it {Frob, V. 3). 

56. Assume 3 points A, B, C, such that A is 2^ in. from C and 
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H in. from B, B being also 1| in. from C. Describe a circle 
passing through these points {Proh, X.). 

57. Draw in pencil the figure denoted by the following mea- 
surements, A B=250 yds., B C=150 yds., A 0=300 yds., CD 
=145 yds., the angle B C D=120° ; D E=225 yds., B E=310 
yds. Find the distance from A to E and note it in yds. Scale 
100 yds. to an inch. 

58. Ink in the lines A B, B C, C D, D E, and join E A. 
Eeduce the figure A B C D E to a triangle of equal area, and note 
its contents in square yards {Proh, XIX.). 

59. Draw two lines inclined to each other at an angle of 30', 
but not prolonged to their intersection. Join them by the seg- 
ment of a circle, tangential to them, with a radius of 1 inch. 

60. Construct, as accurately as you can, a triangle of which 
the lengths of the sides are 2^, 2^, 2| in., respectively. The 
figure to be inked in with the finest lines you can draw. 

61. Inscribe a circle in the above triangle, inking in the circle 
with a thick line. {Bisect any two of the angles.) 

62. Describe a circle with a radius of 1^ in., and draw a chord 
cutting off from it an arc of 38° {Euc. iii. 34). 

63. Draw a straight line 4 inches long, and divide it in the 
proportion of the numbers, 3, 5, 2, 8. Figure the parts {Proh 
XV.). 

64. Through any 3 points A, B, C, not in the same straight 
line, describe a circle; and explain how this problem may be 
applied to the case of a circular arch of given span and rise. 

65. Draw a square of 2 in. side, and within it 4 equal circles, 
each touching two others and two sides of the square. 

66. Divide a line A B, 3*6 in. long, into 5 equal parts by con- 
struction. 

67. In a circle of 1^ in. radius draw a chord so that the angle 
which it subtends at the circumference may be 50°. 

68. On a line 1^ in. long draw three isosceles triangles having 
their vertical angles 19°, 25°, and 40°, respectively. Ascertain 
and figure the distance from the apex of each triangle to the 
common base. 

69. Draw two tangents to a circle of 1*75 in. radius, the tan- 
gents to contain an angle of 50°. 
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70. Take two points 2*5 in. apart, and describe twa circles 
with radii '75 in. and 1*25 in., respectively, with these points as 
centres. Draw a circle of 1*3 in» radius to touch both of these 
circles. Ink in the first two circles with a thin line and the last 
with a thick one. 

71. Divide a line 385 in. long into 6 equal parts. Supposing 
a line so divided to be a scale of yards, how many yards to an 
inch would the scale represent ? Give its representative frac- 
tion. 

72. Divide a line 4*3 in. long into 7 equal parts,, by construc- 
tion. 

73. In a circle of 1*7 in. radius, inscribe three equal circles, 
each touching the circumscribing circle and the two inscribed 
circles. 

74. Draw two tangents to a circle of 2'5 in. radius, so that 
they may contain an angle of 45°. 

75. Find a mean proportional to two lines 2 in. and Ij in. 
long, respectively* 

76. State, in the form ©fa fraction, the ratio of the lines on a 
drawing to the lines of the object represented^ supposing the 
drawing to be made on a scale of 33*33 yards to an inch. 

77. Draw a triangle having an angle of 50°, and the sides 
containing it 2 in. and 2*5 in. long. On the greatest side of the 
triangle construct a parallelogram equal in area to the triangle. 

78. Draw two parallel lines 1| in. apart, by a rigid construc- 
tion, without using parallel rulers ; the lines to be about 3 in. 
long, and inked, one with a thin line, the other with a thick one. 
Dot a circle touching both lines^ and show the construction for 
finding its centre. 

79. Describe a triangle having two sides 2^ in. and 3^ in. 
long, respectively, the angle subtended by the longer side being 
85°! 

80. The sides of the rhomboid being 2 J in. and 3^ in., respec- 
tively, and one of its angles being 70°, find the lengths of the 
diagonals by measurement. What are the values of the other 
angles? 

81. Describe a triangle of which the sides are 2*75, 3 and 1-98 
inches, respectively, and bisect it by a line parallel to the shortest 
side. 
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82. Construct a regular heptagon on a line 1*75 in. long, and 
another of half its area. 

83. Draw a square of 5*79 inches area, and a second of ^ its 
area. 

84. Two adjacent sides of a trapezium are 2*3 and 3*04 inches, 
respectively, and include an angle of 60°, the other sides are 3 
and 3*5 inches. Describe this figure and bisect it by a line drawn 
from its greatest angle. 

85. The vertical angle of a triangle is f of a right- angle, its 
sides are 2 89 and 3*47 inches, respectively ; find the length of 
the base, and through the middle point of the side 3*47 in. 
draw a line cutting off y\ of the triangle. 

86. Two angles of a triangle are 50° and 70°, the adjacent side 
2 '37 inches ; draw a line making an angle of 80° with this side 
and bisecting the triangle. 

87. An isosceles triangle has a base of 3 inches and a vertical 
angle of 57® ; describe it and an equivalent equilateral triangle. 

88. One triangle has a base of 2*4 in., a vertical angle of 35°, 
its sides in the ratio of 4 I 7- Another has abase of 3*33 inches, 
one of the adjacent angles 75° ; describe these two triangles, and 
a third similar to the first and equal to the second. 

89. Divide a triangle whose sides are 4, 3*75, and 2*99 inches 
into 5 equal parts by lines parallel to the longest side. 

90. Describe a square whose area is 7*69 inches, and place a 
regular octagon in it ; find the area of the octagon. 

91. Describe a regular pentagon equal to a triangle whose sides 
are 4*05, 3'98> and 2*75 inches, respectively. 

92. Describe a circle of 1 inch radius touching two circles of 
2*5 and 2*49 inches diameter, respectively. Can this always be 
done? 

93. A and B are two points 3 inches apart ; A being distant 
2,5 inches from the centre of a circle of 1*04 inches radius. 
Describe a circle passing through A and B and touching this 
circle. 

94. Find the length of the side of the square inscribed in the 
quadrant of a circle of 2 in. radius. 

95. Inscribe a square in a segment of a circle whose base is 
2*25 inches and in which the angle is 40°. 



44 PBACTICAL PLANE GEOMBTBT. 

96. Inscribe a circle in the quadrant of a circle whose radius 
is 2*5 inches. 

97. Inscribe a circle in the sector of the same circle in which 
the angle at the centre is 70°. 

98. From a point 3 inches from the centre of a circle whose 
radius is 2*3 in. draw a straight line which shall be cut in ex- 
treme and mean ratio by the circle. 

99. Describe a circle of 1*25 inches radius and another with 
the same centre, such that the ring between them shall be one- 
fifth of the area of the first circle. 

100. The centres of two circles, whose radii are 1*75 and 1*35 
inches, are 3*1 inches apart, draw a common tangent to them. 



Questions set at Woolwich Entrance Examinations from 

1866 to 1873. 

1. Draw a line 3 in. long and bisect it. 

2. Draw a triangle, the sides of which are 2*«>, 3, and 3*5 in., 
and construct another triangle of equal area, having one of its 
sides 3*75 in. long. 

3. Describe a circle of 1^ in. radius. Draw a straight line 
l^in. long within the circle, and terminating at both ends in the 
circumference. 

Erect a perpendicular firom the middle point of this line. 

4. Describe a circle with a radius of 1 in., and about it describe 
a triangle equiangular to the first triangle in Ex, 2. 

5. Describe an isosceles triangle having its base 2 in., and 
each of the other sides 3 in. long. Describe also an isosceles 
triangle having the angle at its vertex double that at the vertex 
of the triangle first described. 

6. Describe a circle with a radius of 1^ in., and then describe 
an equilateral and equiangular pentagon about it. 

7. Describe a segment of a circle which shall contain an angle 
equal to one of the angles of an equilateral triangle. 

8. Draw a straight line 2*75 in. long, and divide it into two 
parts, such that the rectangle contained by the whole and one 
part shall be equal to the square on the other part. 
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9. Draw a straight line parallel and equal to any straight line 
jou choose to consider as given, and 1 inch from it. 

10. Draw an isosceles triangle having the angles at the base 
each 70°, and the two equal sides each 2^ in. long. Measure and 
figure the length of the base. 

11. Describe a circle with a radius of 1^ in., and &om it cut 
off a s^ment which shall contain an angle of 35°. Find by mea- 
surement, and figure the number of d^rees in the arc of the 
segment cut off". 

12. Draw a line 3^ in. long, and fi-om it cut off ^ of its length. 

13. Find a third proportional to two lines 1^ in. and 1 in. long, 
respectively. Figure the length of the third proportional fix)m 
measurement. 

14. Draw a rectilineal figure A B L H G from the following 
measurement and angles : — 

Side A B=2 in.; angles, B A G=83^ 
A B G=:25°, G B H=30°, B G H=83% 
H B L=29% B H L=42°. 

Figure the value of the angle at L firom measurement, and also 
the lengths of the sides B L, H L. 

15. Divide a straight line A B, 2^ in. long, into two parts, in 
the point C, so that the rectangle A B, B C may be equal to the 
square on A C. Find, by measurement, the length of the diago- 
nal of the square on A C. 

16. Inscribe a circle in a square of 2^ in. side. 



17. Describe an equilateral triangle of 2^ in. side. 

18. Draw a line C, about 1 in. long, and a line A B about 1| in. 
long ; cut ofi* from A B a part equal to C. 

19. Draw a line 2*75 in. long and bisect it. 

20. Make a triangle of which the sides are as 5, 6, 7, and mea- 
sure the values of its angles with a protractor. {The values of 
the angles to be neatly entered on the diagram.) 

21. Make an angle equal to the least of the angles in JEx. 20, at 
a point A in an assumed line A B, 3 in. long. 
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22. Describe an equilateral and equiangular pentagon of 1 J in. 
Bide, and inscribe a circle in it. 

23. Describe a circle with a radius of 1^ in., and in it inscribe 
an equilateral and equiangular quindecagon. 

24. Divide a straight line 5 in. long into 3 parts in the propor- 
tion of 3, 2, and 6. 

25. On a straight line 2§ in. long, describe a segment of a circle 
vyhich shall contain an angle of 65°. 



26. Draw a line A B, 3| in. long, and through a point C, 1 in. 
from it, draw another line 3 in. long parallel to it. 

27. Construct a triangle of which the sides are as 4, 5, 6, their 
sum being 8 in. ; to a straight line 1 in. long, apply a paral- 
lelogram equal to this triangle, and having one of its angles equal 
to 75°. 

28. Construct a rectilineal figure A B C D, having the sides 
A B, A D, each 2 in. long, and B C and D C, each 2^ in., the 
angle BAD being equal to 70°. Describe a square equal to 
the figure A B C D. 

29. Describe a circle of 1;^ in. radius, and from a point 4 in. 
from its centre draw a straight line touching the circle. 

30. Describe a circle of 1^ in. radius, and construct a triangle 
with its apex on the circumference, and with its base, 2 in. long, 
subtendiHg a portion of the circumference. Find the value of 
the arc so subtended, with the protractor, and write it down in 
a neat print-hand. 

31. Draw a triangle having an angle equal to 58°, and the 
sides containing this angle 2-^ in. and 3^ in. long, respectively. 

32. Draw an equilateral and equiangular pentagon of 1^ in. 
side, and inscribe a circle in it. 

33. Construct a polygon A B C D E F from the following con • 
ditions : — 

Sides, A B=2 in., A F=:l-75 in. 
Diagonals, A C=3 in., A D = 375 in., A E=3 in. 
Angles,BAC=35-5°,BAD=59-5°,BAE=99-5°,BAF=125°. 
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Write down, in neat print-hand, the magnitudes of the sidep 
not given, and those of the angles A F E and FED. 



34. Describe an equilateral triangle on a straight line 2^ iii. 
long, 

35. Assume any convenient point on your paper, and from it 
draw a straight line equal to the side of the triangle. Ex. 34. 

36. Draw a rhomboid of which the longer sides are 3 in. in 
length and the shorter 2 in., and the two acute angles each equal 
to 50°. 

Ascertain and write down the length of the longer diagonal. 

37. Describe a triangle similar to that required by Ex. 34, and 
equal to the rhomboid required in Ex. 36. 

38. Find a third proportional to two lines 1^ and If in. long, 
respectively. , 

39. Describe an isosceles triangle of which the angles at the 
base are each double of the third angle, and the two equal sides 
each 2 in. long. 

40. Describe a circle of 1^ in., radius, and in it inscribe an 
equilateral and equiangular pentagon. 

41. Describe a circle of 1^ in. radius, and from a point 2 in 
distant from its centre draw a tangent to its circumference. 



42. Draw a line A B, 3^ inches long ; assume a point C about 
1^ inch from it, and through C draw C D parallel to A B. 
Draw also six other lines between A B and C D parallel, to these 
lines, and at -^j^ inch apart. 

43. Set off with your protractor an angle of 57°, and bisect 
this angle. Again bisect the two angles thus obtained. 

44. Draw a square of 3*3 inches side. In it describe four equal 
circles each touching one side of the square and two of the other 
three circles. Within each of these four circles and with their 
centres, but with a shorter radius by \ inch, describe a second 
circle. Ink in the larger circles with a thin line and the smaller 
ones with a thick line. 



•IS PBACTICAL PLANE OEOMBTBT. 

• 

45. Construct a rhombus having an angle of 65® and a base of 
3 inches. Measure its two diagonab accurately, and write down 
their lengths. 

46. Draw a triangle having one of its angles:=52°, and the two 
sides containing this angle 1*8 and 2*6 inches. Find the centres 
of the inscribed and circumscribing circles. 

47. Assume three lines, 2 inches, 1 inch, and 2^ inches long 
respectively, and find a fourth proportional to them. 

48. Divide a line 5 inches long into seven equal parts, and 
describe seven equal circles having their centres in this line, and 
cutting it at the points of division. 

49. Construct a right line figure from the following con- 
ditions: — 



The side A B=2 inches. 


The angle A B C=120°. 


„ B C=l-75 „ 


„ B C D= 90°. 


„ CD=2-2 „ 


„ CD E=120°. 


„ DE=l-2 .. 





Write down the length of the remaining side E A, and the values 
of the angles D E A, E A B. 



50. Draw two parallel lines at 1^ inch apart, and between 
them insert nine other lines parallel to them, and dividing the 
space between them at equal intervals. Ink in the nine lines 
with thick, thin, and dotted lines alternately. 

51. Draw three circles, each with a diameter of 2 inches, so 
that each circle may touch the other two. 

52. Draw a square of 2| inches side, and in it place four equal 
circles, each one touching two of the other circles and two sides 
of the square, and also four equal circles, each one touching two 
other circles and one side of the square. 

53. Describe a circle with a radius of 1^ inch, and place in 
it five parallel chords, so that the angles subtended by them at 
the circumference of the circle may be equal to 20, 35, 50 65, 
and 80 degrees respectively. Measure and write down the lengths 
of the chords. 

54. Construct a triangle of which the sides are 2*7, 2*4, and 
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3'5 incbes respectively. Measure with your protractor and write 
down the value of its three ai^gles. 

55. Draw a parallelogram having one angle 60°, and the sides 
2 and 3 inches long. Measure and write down tiie lengths of the 
diagonals. Make a square equal to the parallelograni. 



56. Ck>nstruct an isosceles triangle of which the base is 2 
incbes, and each of the sides 2*8 inches. Measure and write down 
the value of each of the angles. 

57. Divide a straight line 3*6 inches long into 7 equal parts, 
and through each point of division draw a line 2^ inches long, 
making an angle of 50° with the first line, these parallels being 
alternately tiiick, thin, and dotted lines. 

58. Draw the segment of a circle with a radius of 2 inches to 
contain an angle of 100°. Inscribe a circle in the figure formed 
by the arc of the segment and the radii at its extremities. 

59. From a point A 3 inches above the extremity B of a 
straight line B C 1*9 inches long draw a perpendicular to B C, 
without producing it. Bisect A B in D, describe a circle pass- 
ing through D, B, C, and measure the length of its radius. 

60. Construct the rectilineal figure A B C D from the follow 
ing conditions : — 

A B=21 inches. The angle A B C=125° 

A C=2-8 „ „ A C D= 52°. 

C D=r7 „ 

Write down the lengths of B C, A D, and the size of the 
angles B A D, A D C. 

61. Construct a triangle with a base of 1^ inch, having each 
of the angles at the base double of that at the vertex. Find a 
mean proportional between the base and one of the sides, and 
measure its length. 

62. Bisect a straight line A B, 3 inches long, in C ; through C 
draw C D, 2*4 inches long, making the angle D C B, 65°. Join 
A D and D B, measure and vrrite down their lengtiis and the 
sizes of the angles of the triangle A D B. 

E 
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63. Divide a straight line 3^ inches long into 8 equal partes, 
and through the extremities of the line and through the points of 
division draw parallel straight lines, alternately continuous, dotted 
and chain dotted, 2f inches long, and making angles of 40° with 
the first line. 

64. Construct a triangle the sides of which measure 2, 2*6, and 
3*1 inches, and to a straight line 1*7 inches long, apply a paral- 
lelogram of equal area, having one of its angles 58°. 

65. Draw the segment of a circle to contain an angle of 46°, 
the chord measuring 1*7 inches. Measure and write down the 
length of the radiu** of the circle. 

66. To a circle of 1*8 inches radius apply an inscribed pen- 
tagon and circumscribed hexagon. 

67. Draw a square of 3*8 square inches area, and an equilateral 
^triangle equal to it. 



68. Divide a straight line 5*3 inches long into five equal parts, 
and upon each of these parts as a diameter describe a circle. 

69. Upon a straight line 1 J inches long construct a square ; 
divide it by parallel straight lines alternately thin and dotted, 
into seven equal rectangles. 

70. Construct the triangle ABC with sides A B, B C, two 
and three inches each, and the included angle ABC 125®. Tri- 
sect the base A C in the points D and E, join B D and B E ; 
measure and write down the sizes of the angles A B D, D B E, 
and E B C, and the lengths of D B and E B. 

71. Describe a circle with a radius of 1*6 inches. Inscribe in 
it a regular hexagon, and circuniBcribe around it a regular octa- 
gon. Write down the value of the angle of each polygon. 

72. Find a third, and a mean, proportional to two straight 
lines 1 inch and 1^ inch long. Measure and write down their 
lengths. 

73. Construct an equilateral triangle equal in area to the 
square in Question 69. Show clearly the steps of the construc- 
tion. 

74. From the circle in Question 71, cut off a segment to contaiQ 
an angle of 72°. 
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CHAPTER n. 

ON THE USB OF THE SECTOR, THE PHOTRACTOR, AKD THE 

MARQUOIS SCALES. 

Definition, The Sector is an instrument formed of two flat 
rulers or legs, of equal length, fixed to a common centre and 
movable about that centre in a plane. 

D^, Sectoral Lines are lines drawn in pairs from the centre, 
one of each pair on each leg. The most important of these are 
the line of lines, marked L ; the line of chords marked C ; and 
the line of polygons, marked Pol. 

Instead of a single line, for a sectoral line on each leg, three 
parallel lines are drawn, to show clearly the divisions of the line. 
In aU cases the points of the dividers must be applied to the 
innermost of these, that being the one which is drawn from the 
centre. 

Def. A Lateral Distance is a distance measured from the 
centre along any sectoral line. 

Def, A Transverse Distance is a distance measured from a 
point in one line of a pair to the corresponding point in the other 
line. 

Explanation of the principle of the Line or Lines. 

Let P (PI. II. Fig. 2) be the centre, P L, P L', the line of 
lines, divided into ten equal parts in the points 1, 2, 3, 4, 5, 6, 
7, 8, 9 (in the sector constructed for use each of these primary 
divisions is divided into ten equal secondary divisions, so that 
the line of lines is divided into 100 equal parts) : 

take P r=P I and P L'=P L ; draw L L', I Z'; 

then, L 1/ is parallel to 1 1\ and consequently 

Z^:LL'::PZ':PL'; 

b2 
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therefore, whatever part p I' is of P L', 1 1' is the same pari 
of L L'. 

APPLICATION OF THIS PRINCIPLE. 

1. Let it be required to bisect a giyen straight line. 

Open the sector until the transverse distance at 10 is equal to 
the given line ; then the transverse distance at 5 will be equal to 
one half of the line. 

N.B. The transverse distances at 8 and 4, 6 and 3, or 4 and 2, may be 
employed for the bisection. 

2. To divide a straight line into any number of equal 
parts. 

Let the required number of parts be 9. 

Make the transverse distance at 9 equal to the given line ; then 
the transverse distance at 1 will be equal to ^ of the line. 

This construction may be effected more accurately by making 
the transverse distance at 9 equal to the given line, as before, 
and then setting off firom each end of the line the transverse 
distance at 4. The line will thus be divided into three parts, the 
middle one of which will be ^ of the line, each of the others ^ 
of it. 

Cor, This i^ows how from a given line to cut off anj aliquot 
part. 

3. To find any fraction of a given line. 

JEx, 1. |- of a line 4*25 inches long. 
Make the transverse distance at 5 equal to the line, the trans- 
verse distance at 3 will be -g^ of the line. 

£x. 2. To find -^ of a line 5*17 inches long. 

Since there are only ten primary divisions, recourse must be 
had to the secondary divisions, to solve this problem. In order 
to bring the construction some distance from the centre, which 
will increase the accuracy of the result, multiply the numerator 
and the denominator of the fraction by some number which will 
not make the denominator when so multiplied greater than 100 ; 
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in this case 4 will be a convenient multipfier; then ^^=14; 
make the transverse distance at the secondary division 92 equal 
to 5*17 inches, the transverse distance at the 36 th secondary 
division will be ff , that is ^, of 5*17 inches, as required. 

4. To find a fourth proportional to three given straight 
lines. 

Let A, B, C be the lines, make the transverse distance at the 
lateral distance A equal to B, then the transverse distance at the 
lateral distance C will be the fourth proportional required. 

Cor. If a third proportional to A and B be required, the 
solution will be performed in a similar way, for in this case 
B = 0, and therefore the transverse distance at the lateral distance 
B must be takai for the third proportional. 

KJ3. In a correctly divided sector the line of lines will be found a con- 
venient instrument for solving Problems IV., VI., XXVII., and XXIX., of 
Chap. L 



THE LIKE OF CHORDS. 

The line of chords is chiefly used for setting off angles of a 
given number of degrees. It is so couBtructed that if the sector 
be opened until the transverse distance at 60 is equal to the chord 
of 60** in any circle, the transverse distance at any other number 
on the line of chords will be equal to the chord of that number of 
degrees in the same circle. For example, the transverse distance 
mailed 20 will be the chord of 20^ 

Ex. 1. To make an angle of 35'' (PL III. Fig. 1). 

With the point M, in the straight line M N as a centre, and 
any radius M P, less than M N, describe a circle P T. 

Make the transverse distance at 60 equal to M P, because the 
chord of 60° is equal to the radius. 

With the hair dividers make P Q equal to the transverse dis- 
tance at 35, join M Q. 

The angle N M Q will be the angle required. 
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Ex. 2. To make an angle greater than 60^ but less 
than 90^ 

Let the angle be 75°. 

From M (PI. III. Fig. 2) draw M Q at right angles to M N. 
By the preceding example make the angle Q M K equal to 1 6**; 
the angle R M N is the angle required ; for 90°— 15° =75°. 

Ex. 3. To make an angle greater than 90**. 

Let the angle be 133°. 

Draw M Q (PL IIL Fig. 3) at right angles to M N ; make the 
angle QMS equal to 43°. 

The angle N M S is the angle required; for 90° +43° =133°. 

Examples 2 and 3 might have been solved by making an angle 
equal to ^ or ^ of the required angle, and setting this off along 
the arc as many times as necessary. But since this method 
sometimes ^ves rise to fractions of a degree, it will generally be 
found more convenient to adopt the constructions given. 

Cor, It is evident that an angle of a given number of degrees 
may be readily divided into 2, 3, 4, 5, &c. equal parts by means 
of the line of chords. 

THE LINE OF POLYGONS. 

This line is chiefly used to divide the circumferences of circles 
into equal parts, for the purpose of describing regular polygons. 
It is constructed in such a manner that if the sector be opened 
until the transverse distance at 6 is equal to the radius of any 
circle, that is, the side of a regular hexagon {Euc, iv. 14) inscribed 
in that circle, the transverse distances at 5, 7, 8, 9, 10, 11, 12 
will be rei^ectively equal to the sides of a regidar pentagon, 
heptagon, octagon, &c. <&c., inscribed in the same circle. 

Ex. 1. To inscribe a heptagon in a given circle. 

Let S (PI. III. Fig. 4) be the centre of the curcle A D F ; S A 
itM radius. 

Open the sector until the transverse distance at 6 is equal to 
S A ; then the transverse distance at 7 will be equal to the side 
of the heptagon. 
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Let A B be tHis distance : place around in the circle straight 
lines B C, C D, D E, E F, F G, G A, each equal to B A. 
The figure A B C D E F G will be the heptagon required. 

Ex. 2. To describe a regular nonagon upon a given 
straight Kne. 

Let A B (PL III. Fig. 5) be the given line. 

Open the sector until the transverse distance at 9 is equal to 
A B. With A and B as centres, and a radius equal to the trans- 
verse distance at 6, describe two circles intersecting in S. 

With S as a centre and the same radius as before, describe the 
circle A D G K. Place around in it the straight lines B C, C D, 
DE, EF, &c. &c., each equal to A B : ABCDEFGHKwill 
be a regular nonagon. 

Obs. If A be the number of degrees in an angle of a regular polygon of 
• sides, A9 = 180®— rri-. {Euc, i. 32, Cor. 1), consequently when z^ is 

an integer, a regular polygon may be described upon a given straight line 
by the following method : — 

J5r. Let n = 8, therefore. A® =:r 1 80<> - 46«» « 1 36° ; 
let A B (PL m., Fig. 6) be the given line. 

Make the angle A B P equal to 135^. Take B C equal to A B ; describe tho 
circle A £ G-H, passing through the points ABC; place aiound in this 
circle the lines CD, LE, £ F, FG, G H, H A, each equal to AB or Ba 
The figure ABCBEFGH will be a regular octagon. 

THE UARQUOIS SCALES. 

A set of these consists of two rectangular rulers and a right- 
angled triangle. Each ruler has two natural and two artificial 
scales engraved on each side of it, with figures in the middle of 
the former to denote the number of parts into which the inch is 
divided. The scales given are those of 30, 60, 25, 50 parts to an 
inch on one ruler, and 20, 40, 85, 45 on the other : fi*om which 
can also be obtained those of 1, 2, 8, 4, 5, 6, 7, 8, 9, 10, 12, 
and 15, making in all twenty scales. The natural scales are 
divided in the ordinary manner, the lefl;-hand primary division 
being subdivided into ten parts ; but the artificial scale has all 
the primary divisions, each of which is equal to three of those of 
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the natural scale adjoining, subdivided into tenths, each of these 
is therefore equal to three of the natural subdivisions ; the zero 
point is in the miiidle of the scale. The divisions are numbered 
both ways. The longest side of the triangle is three times the 
shortest side, and has a short line drawn perpendicular to it at 
its middle point. 

Let A B (PI. II. Fig. 3) be the edge of the ruler, P Q R the 
first position of the triangle, p qr the position into which it has 
been moved. 

Draw p 8 parallel to Q E, then hj similar triangles— 

Vplpsy.V'Ri'RQ; 

but P R is three times R Q, therefore P jo is three times p s. In 
order, therefore, to draw parallel lines at given distances apart, 
place the star line on the triangle, against one of the divisions on 
the artificial scale, and, holding the ruler firmly in its place, slip 
the triangle along as many divisions as the given distance occupies 
in the natural scale. It will be found that its bevelled edge has 
moved in a direction perpendicular to itself, through the required 
distance, or one-third of that travelled by the star line along the 
ruler, 

I 

THE PROTRACTOR, 

This instrument is used for the purpose of protracting or laying 
down angles of a given number of degrees by the method of 
coincidence. The construction of it is indicated in PI. II. Fig. 1. 

JEx, Let it be required to make an angle of 40° at the point P, 
in the line M N ; with the centre on P, move the protractor until 
the line radiating from the centre, and marked 40°, coincides with 
M N ; draw P Q along the edge, the angle Q P M will be the 
angle required. 

K the given line be P Q, and not long enough to admit of 
applying the instrument in this manner, place the centre on P, as 
before, then with a very finely pointed pencil, or with the hair 
dividers, mark a point on the paper, where the radiating line 
through 40° meets the edge. Remove the protractor, and draw 
the line M N through P and the point thus found. M P Q will 
be the angle. 
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EXAMPLES FOR PRACTICE. 

1. Form a triangle whose sides are 2*53 and 1*78 in., and the 
included angle 132° ; describe a circle about it {Proh. X.), 

2. Draw a fignre, A B C D E, of which the side A B = 
1-4 in., B C=l-5 in., C D=:l-4 in., D E=l in., and E A= 
1'5 in. ; the sides A B and A E to contain a right angle, AE and 
D E an angle of 130^ 

3. Draw a line 3 in. long, and at its lefl-hand extremity make 
an angle = the angle C D E of the last figure. Eeduce the 
figure to a triangle {Proh, II. and XIX.). 

4. Draw 3 concentric circles, whose radii are f in., 1 in., and 
1^ in. respectively. In each circle inscribe a hexagon, the sides 
of the 3 hexagons being parallel. Draw radii to each angle of the 
outer hexagon. The inner circle and the radii are to be dotted. 

5. Construct an isosceles triangle on a base of 2 in., the angle 
at the vertex being 100^. Make a rectangle which shall contain 
the same area as this triangle {Proh, XXII. and XVI.). 

Q, Construct a triangle having two of its sides equal to 3 in. 
and 2*75 in., respectively, and the included angle =50°. Figure 
the remaining angles and the length of the third side. 

7. Draw two lines each 3 in. long, forming an angle of 25°. 
Describe a circle of ^ in. radius touching both lines {Proh, XIIL). 

8. Construct a triangle having two of its angles equal to 38° 
and 100°, and the side opposite the greater angle equal to 3 in. 
Find the lengths of the other sides and figure them. 

9. Standing at a point A on the bank of a river, I set off a line 
in a direction at right angles to the line joining A and the point 
B, on the opposite bank. On the line thus set off I measure a 
distance of 40 yards to C, at which point the angle between A 
and B is ascertained to be 43° 30'. Find, by construction, the 
distance across the river from A to B. Scale 20 yds. to an inch. 

10. Construct a triangle having two of its angles equal tp 43° 
and 78°, respectively, and the side opposite the larger angle = 
4 in. Find the lengths of the other sides and figure them. The 
triangle to be inked in with the thinnest lines you can draw. 
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11. Draw a parallelogram of which one side shall measure 
2^ in., and the distance between it and the opposite side shall be 
1^ in. One angle of the figure to be 130°. 

12. Draw a straight line A B, 2*5 in. long, and a second line 
B C, of the same length, maldng an angle of 18° at B. Describe 
£L cirele with a radius of 1*5 in., touching the line B G at a point 
D, 1*6 in. from B ; and draw a second circle which shall also pass 
through D and touch A B {Frob. VIII.). 

13. Two straight lines intersect at an angle of 85°; draw a 
circle of 2'25 in. radius touching both lines {Proh, XIII.). 

14. Construct a regular heptagon on a side of 2 in., and explain 
the mode of construction. 

15. Construct a triangle two of whose sides are 2*75 and 3'2in., 
respectively, and the included angle 65°. Describe a circle about 
the triangle showing how the centre is found {Proh, X.). 

16. Inscribe a nonagon in a circle of 2 in. radius. 

17. Explain the principle of the * line of lines ' on the sectx)r, 
and from a line 4*37 in. long cut off portions respectively equal 
to -^ and "i^ of its length. 

18 . Draw an arc of 73° with a radius of 3*36 in., and one of 
100° touching the former at one extremity, radius 2*5 inches. 

19. By means of the line of chords on the sector draw an angle 
of 102°, and an arc of 2*25 in. radius touching both lines of the 
angle. Mark the points of contact of the arc and the straight 
lines {Proh. XIII.). 

20. Divide a line 4*13 in. long, so that the parts may be as 
3, 7, 2, 17, 4^ {Proh. XV.) 

21. From a circle of 1*5 in. radius cut off two segments con- 
taining angles of 32° and 94°, respectively {Euc. iii. 34). 

22. Make an angle of 75°, bisect it with the compasses and 
ruler alone, and describe a circle of 1 in. radius tangential to both 
lines containing the angle {Proh. I. and XIII.). 

23. Describe a segment of a circle having a base of 2*36 in., 
and containing an angle of 115° {Proh, IX.). 

24. Construct a r^;ular octagon, with a side 178 in. ; reduce 
the figure to an equivalent triangle {Proh, XIX.). 

25. Draw a straight line 4 in. long, and at one extremity of it 
set off an angle of 33°, using the line of chords on the sector, or 
the protracting scale. 
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26. Constxact a nonagon on a right line 1*4 in. long by means 
of the line of polygons on the sector. 

27. Construct an isosceles triangle on a bases:2^ in., the 
angle at the vertex being 81° dC/. One of the angles to be set 
off with a scale of chords, the arcs used for the purpose being 
shown in dotted lines {Frob. XXII.). 

S8. CSooBtmct a regular pentagon on a base of 1^ in., and 
describe a circle about it. 

29. Construct an octagon, with a scale of chords, on a line 
•9 in. long. Eeduce it to an equivalent square {Prob, XIX., 
XVI., XI.). 

'SO. Construct a triangle having two of its angles 85° 10' and 
114° 2(y, and the side opposite the larger angle =2*9 in. ; find 
the lengths of the other sides with your dividers and ivory ircale. 

81. Draw two lines each 6 in. long and meeting at an angle ot 
20°. Describe a series of circles touching these lines and each 
other, commencing with a radius of |^ in. {Prob, XIII.). 

82. Construct a regular hexagon of which the side is equal to 
18 feet ; and a triangle of equal area. Scale 10 feet to an inch. 
(Prob. XIX.). 
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CHAPTER m. 

SCALES. 

When the dimensions of an object, to be represented on paper, 
are so great that it would be either inconvenient or impossible to 
make a full-size drawing of it, the usual practice is to construct 
a drawing, each line in which has a given ratio to the line which 
it represents. In order that such a drawing may be generally 
intelligible, draughtsmen employ two methods, by either of which 
the absolute length of any line in the original may at once be 
determined from the draught. 

The first method is to attach to the drawing a fraction, called 
the Representative Fraction, which expresses the ratio of any line 
in the drawing to the corresponding line in the original. Thus 
the fraction -^^ attached to a plan would show that the distance 
between any two points in the drawing was -^ of the distance 
between the points in the original ; so that 1 inch would represent 
24 inches ; 1 foot, 24 feet, &c. 

By the second method, in addition to the representative 
fraction, a graduated straight line, termed a Scale, is annexed to 
the drawing for the purpose of conveniently measuring distances. 
The length of the unit in this scale must evidently bear the same 
ratio to the real unit of length that a line in the drawing bears 
to the line which it represents. 

Scales are usually, though not necessarily, constructed of such 
a length as to represent a distance which is a multiple of ten 
lineal imits of some kind ; as 80 miles, 60 yards, 100 toises, 500 
versts. 

The construction of these scales, called Plain Scales, will be 
best illustrated by examples, of which several are subjoined. 
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£XAm>LES. 

1. To oonstmct a scale of -^^ or 2 feet to an inch. 

The number of feet to be represented by the scale may be 
aanimed at pleasure ; in this case let it be 12*5 feet, and put x 
for the number of inches which will represent that distance; 

then — 

ft. ft. 

24 : 12-5:: 12 : x, 

12 X 12*5 
whence x = — '-; — - = 6*25^ the number of inches required. 

24 * 

For by the question, 24 feet are represented by 1 foot, or 12 
inches, and 24 feet evidently has the same ratio to 12*5 feet, that 
Ifoot (=12 inches) has to the number of inches which will 
represent 12*5 feet. 

Construction, (PL III. Fig. 7.) Draw, in pencil, three straight 
lines, lather more than 6^ inches long, parallel to one another, 
and ^ of an inch apart. On the lowest of these measure off a 
distance of 6*25 inches, and divide this distance into 5 equal parts, 
aach of these will represent 2*5 feet, that is, 10 quarter-feet. 
Subdivide the left-hand primary division into 10 equal parts, to 
show single quarter-feet. Through each of the primary divisions 
draw perpendiculars from the lowest of the three lines to the 
uppermost Through the secondary divisions draw perpendiculars 
to the middle line, and to half-way between the middle and 
upper lines alternately, as shown in the diagram. Ink the middle 
line of the three lightly, the bottom one rather heavily, the top 
one not at all ; commencing from the left, number the secondary 
diviidons 10, 8, 6, 4, 2, ; the primary ones, 10, 20, 30, 40 ; 
opposite the last number print the words quarter-feet, and the 
scale is completed. 

2. To construct a scale of 2 miles to an inch (PI. III. 
Fig. 9). 

Let the scale represent 11 miles : then — 

miles, miles, in. in. 

2 : ll::l : 5-6s=the length of the scale. 
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Divide a line 5*5 inches long into 11 equal parts, each of these 

will represent a mile. Subdivide the first of these into 8 equal 

parts, to show furlongs. Complete the scale as shown in the 

figure. 1 1 

Bepresentative fraction = 



2 X 1760 X 36 126720 

3. To construct a scale of 12 feet to '875 inch (PL III. 
Fig. 11). 

Let the scale represent 60 feet : then — 

ft. ft. in. in. 

12: 60::-875: 4-375 

Divide a line 4*375 inches long into 6 equal parts, to show tens 
of feet, and the first of these into ten equal parts to show feet. 

Representative fractions — — = ; 



144 1152 

4. The representative fractions of two plans of a Kussian 
fort are -5-^ and pgVo • construct a scale of French toises 
for the former and one of Kussian archines for the latter, 

(1 toise=2-13142 English yards.) 
(1 archine=-7777 English yards.) 

(i) To make a scale of toises, g^, 80 toises long. 

toises. toises. toise. 
800 : 80 : : 1 : length of scale in toises. 

English inches. inches. 

... length ^ 2-13142 X 86 x80^y.ey3^^g 

oOO 
Divide a line 7*673 inches long into 8 equal parts, to show tens 
of toises ; subdivide the first primary division into ten equal 
parts, to show toises. 

(ii.) To make a scale of archines, f^^, 300 archines 
long. 

ar. ar. ar. 
1260 : 300: : 1 : length of scale in archines. 

English inches. in. in. 

.-. length ='lZZIi^ii^=6-666=6-67 nearly. 
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Divide a line 6*67 inches long into 15 equal parts,. each of which 
will show 20 archines : subdivide the first of these into 4 equal 
parts, each of which will show 5 archines. 

Oba, The length of these scales is optionaL Every scale should, however, 
be sufficiently long to allow any lines in the drawing, except perhaps the 
veiy longest) to be measured at once. 

COMPARATIVE SCALES. 

When the scale of a drawing is adapted to one unit of length, 
it is sometimes necessary to construct another scale, in which the 
unit is different. These scales, called Comparative or Corre- 
sponding Scales, have the same representative fraction, and 
differ in graduation only. 

If the unit of the proposed scale is a multiple, or a measure 
of the unit of the given one, the change is easily effected. When 
such is not the case, the length of the new scale may be deter- 
mined as shown in the following examples. 

Ex, 5. A scale of French leagues is attaxihed to a map 
of France : the distance between two places, known to be 
25 leagues apart, is represented on this map by 3*75 inches. 
Construct the corresponding scale of English miles. 

(1 French league =4262 ;84 English yards). 

Let the scale represent 100 miles, and put x for the number of 
inches in its length. 

Then, 25 French leagues = x 25 English miles. 

Eng. miles. £ng. miles. 

.4262-84x25.ioo::3.75:., 



• • 



1760 



whence x^^:l^^,^^:^^^l^ nearly. 

4262-84 X 26 ^ 

Divide a line 6*19 inches long into 10 equal parts, to show 
tens of miles ; subdivide the first primary division into 10 equal 
parts to .show miles. 

Complete the scale as in the preceding examples (PI. III. 
Fig. 12). 
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Ex. 6. To construct a scale of the Anstrian fiiss^ com- 
paratiye to Ex. 1. P. 41. 

(1 ftiss=*34568 English yards.) 

Let the scale be 15 fiiss long ; then 15 fiiss=:'345G8 x 15 x 3 
English feet, and 24 feet are represented by 12 inches. 

ft. ft. in. 

.*. 24 : -34568 x 3 x 15 : : 12 : length of scale in inches ; 

in. in. 

whence the length = ^^ ^ '^^^ ^ ^ ^ "^ ^^=7-7778=7-78 inchee 

nearly. 

The scale is constructed as shown in Fig. 8, PL UI. 

Representative fraction = -^rr^-^;;. — 7> — ^ — ^c^^=^kt' 
^ -34568x15x3x12 24 

Fx, 7. A scale of Milanese miglios corresponding to 

Ex. 2. P. 61. 

(1 miglio= 1-0277 mUe.) 

The length of this scale will be determined in a manner differ- 
ing somewhat from that adopted in the preceding examples, but 
based upon the same principles. 

It is evident that 1 mile English has the same ratio to 1 miglio 
that a* line which represents any number of English miles has to 
the line representing the same number of miglios. The propor- 
tion may therefore stand thus : — 

Eng. mile. Eng. mile. in. 

1 : 1-0277 rr 5*6 : number of inches representing 

11 miglios. 

inches. inches. 

.'. length of scale=5 5x1-0277=5-65235. 

Had it been required to represent any other number of miglios, 
as, for example, 15, the proportion might have stood : 

miles. miles. in. in. in. 

11 : 1-0277 X 15 :: 5-5 : 770775 = 7-71 nearly. 

miles, miles. in. in. 

or thus, 2 : 1-0277 X 15:: 1 : 7-70775. 

The scale may be seen completed in Fig. 10, PL IIL 
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Ex» 8. A scale of French kilometres comparative to 

Ex. 2. P. 61. 

(1 kilom^tre=:-62138 Eng. miles 1093-63 yards.) 

miles, miles. in. 

2 ; '62138x20:11 : the number of inches representing 20 
kilometress56*2138 inches. 

DIAGONAL SCALES. 

The scales, of which the construction and application have 
been explained, though very useful, are not well adapted for 
measuring minute distimces. There is, however, another kind of 
scale, termed, from its construction, the Diagonal Scale, by 
means of which this object can be accomplished with great ac- 
curacy. 

For the principle upon which the construction of these scale« 
depends see Prob. YI. Cor. ; its application will be shown by an 
example. 

Ex. To construet a diagonal scale to show hundredths 
of an inch full size. 

Construction, Draw 11 equidistant parallel lines, -^ of an 
mch apart (PI. 111. Fig. 13), and rather more than 7 inches long; 
call these lines horizontals, for convenience of reference. Draw a 
twelfth line at a little greater distance below the eleventh. Through 
eight points, in this last line, one inch apart, draw perpendiculars 
to meet the top line and cut all the others— call these verticals. 
Subdivide the left-hand primary division on the eleventh hori- 
zontal into ten equal parts. From the fii'st point of subdivision 
on the left draw a straight line to the point in which the left- 
hand vertical cuts the top horizontal ; through each of the other 
points of subdivision draw lines parallel to this line, meeting the 
first horizontal, and cutting all the others — call these lines 
diagonals. The scale being now constructed may be completed 
as shown in the figure. 

Use. — Ex. I. To take oflF2'3 inches. 

Placing the point of one leg of the dividers on the point in 
which the vertical 2 meets the uppermost horizontal, extend the 

F 
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other leg to the point in which the diagonal 2 meets the same 
horizontal. The distance between the points of the dividers wiH 
be 2*3 inches, as requiredr 

Ex. 2. To take off 3*47 inches. 

Placing one leg of the dividers at the intersection of the verti- 
cal 3 with the horizontal 7, extend the other to the point in which 
the diagonal 4 meets the same horizontal. 

This distance will be 3 in. + '07 in.4-*4 in. =3*47 in. For on 
the horizontal 7 the distance from the vertical 3 to the vertical 
marked is 3 inches : from this vertical to the diagonal marked 
is Y^ inch ; from diagonal to diagonal 4 is -^ inch. 

The same method may be applied to any other horizontal. 

THE VERNIER. 

Def, The vernier is a scale attached to the graduated limb of 
an astronomical or other instrument, for the purpose of measur- 
ing fractional parts of the divisions on the limb. It is connected 
with the limb in such a manner that, whilst remaining in con- 
tact with the graduated part, it can be moved smoothly along it. 
The description of this instrument does not fall Within the scope 
of this work : since, however, vernier scales are sometimes used 
instead of diagonal scales, the principle of their construction will 
be explained. 

Let L=the length of a subdivision on the scale ; 

V=sthe length of a subdivision on the vernier scale ; 
«=the denominator of the fractions required ; 
and assume, wV=(n+l) L. 

Then V— L= — that is, the difference between a subdivision 

n 

on the vernier and one on the scale, is equal to -th of the 

n 

latter. 

Ex, Construct a scale of y-J^ to show feet and tenths. 

Let the scale be drawn in the ordinary way but subdivided 
throughout its entire length (PI. III. Fig. 15) ; set off to the left, 
on the upper line, a distance equal to 11 subdivisions, com- 
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mencing from the zero : <livide this into 10 equal parts as shown 
m the figure. 

Let it be required to take off 267 feet. 

Subtract 7 from 26, the remainder is 19 : place one point of 
the compasses on the 19th subdivision on the upper line of the 
scale, and the other on the 7th division of the vernier. 

The distance between the points will then be, 19 feet +7 feet+ 
the difference between 7 divisions on the vernier and 7 on the 
scale, which difference is from the construction evidently -^ of 
a foot : consequently the required length 26*7 feet has been 
taken off. 

A scale to measure feet and inches may be constiiicted in a 
similar manner. 



EXAMPLES FOR PRACTICE. 

1. Construct a scale of yardH 5*5 in. to a mile, and give its 
representative fraction. 

2. Construct a scale of paces for a plan drawn on a scale of 4 in. 
to a mile. 

3. Construct a scale of 4 in. to a mile, and give its i^presen- 
tative firaction. 

4. Construct a comparative scale of paces. 1 paces=dO in. 

5. Construct a scale of feet to correspond with a French scale 
of 10 metres to an inch. 1 m^tre= 1*0936 yd. 

6. Construct a scale of 8 in. to a mile, to measure yards, and 
give its representative fraction. 

7. Construct a scale of paces 8 in. to a mile. 1 pacess2'8 ft 

8. A map of a country has to be drawn to such a scale that 
163 miles shall occupy, on paper, a distance of 13*2 in. ; con- 
struct the scale so that single miles may be measured from it. 

9. The distance between two prominent points of a fort is 
ascertained to be 1173*33 yds.; on a plan of the fort and the 
surrounding country, this distance is 4 in. ; draw a scale of yards 
for the plan. 

10. Construct a scale of yards having for its representative 

fraction -^i^- 

f2 
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11. Draw a scale of yards for a military sketch representing 
25,000 ft, on the ground by 1 foot on the sketch. 

12. Draw a scale to measure feet on a plan on which the dis- 
tance between any two points is -^^-^ of the real distance. 

13. Construct a scale of 125 ft. to an inch, .and give its repre- 
sentative fraction. 

14. Construet a plain scale of yards, 4f in. to a mile. 

15. Draw a plain scale of yards : 5*5 in. =s 1700 yds. Give the 
representative fraction of the scale. 

16. Construet a plain scale of 1700 yds. to 7 in., and print over 
it its representative fraction. 

17. Draw a scale of 5^ in. to a mile, to read to 10 yards. 

18. Two plans of the same ground are drawn, one to a scale of 
1^ in. to a mile, and the other If- mile to an inch. Show the 
length of the line which, for each plan, will represent 3^ miles. 
Give also the representative fractions of the scales. 

19. The Frendh metre is «qual to 3*281 ft., but it may be con- 
sidered, approximately for this question, equal to 39 in. ; it is 
decimally divided into decimetres, centimetres, and millimetres. 
Construct a diagonal scale, (the proportional fraction being -^J 
which shall represent metres, decimetres, And centimetres. 

20. A kilometre is equal to 1000 metres. On measuring a 
line on a iVench military map, I find that 2 in. in the map are 
equivalent to 5 kilometres on the scale attached to it. Find the 
proportional fraction, and construct a comparative scale in miles 
and fm'longs. 

21. Construct a scale of yy^^^. 

22. A scale of ^*5 ft. to an inch, to measure single feet. 

23. Draw a plain scale of If ft. to an inch, to show feet and 
inches. Give its representative fraction. 

24. Construct a plain scale of yards 290 yds. to an inch, and 
also a corresponding scale of fiussian sachines. 

(1 sachine=2-332 yards.) 

25. Construct a plain scale of 8 in. to a mile to measure yards ; 
and a corresponding scale of chains. 

1 chain =66 feet 
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26. Draw a plain scale of Spanish yards to correspond -with a 
scale of 6*5 in. to an English mile. 

1 Spanish yard ='9277 English yard. 

27. Draw a scale of inches 6 in. long, and divide the first 
inch division into ten minor divisions. Number its divisions and 
print over it * Scale of Inches.* 

28. A plain scale of yards is required for a military plan, on 
which a horizontal distance of 750 yds., on the ground, is repre- 
sented by 3^ in. Construct the scale. 

Construct a comparative scale of Spanish yards. 

29. Draw a scale of yards, 5^ in. to a mile ; and a comparative 
scale of paces. 25 paces=22 yards. 

30. A scale of metres -jj^. 1 m^tre=:l*09d6 Eng. yd. 

31. A scale of 22 yds. to an inch, 100 yds. long, on which 
single yards can be measured. Draw a corresponding scale of 
toises. 

32. A scale of 5 miles to '75 in., and a corresponding scale of 
Russian versts. 1 verst^ll66'68 yds. 

33. A scale of yards -g^, 40 yds. long, and a comparative 
scale of Russian archines. 1 archine^'7777 yd. 

34. Construct scales of Bavarian rods and Bavarian ells corre- 
sponding to 11*5 fb. to an inch ; the rod being equivalent to 3*1917 
Eng. yds. and divided into 10 feet, and the ell beingss*74845 
Eng. yds. 

35. An Englishman, wishing to examine a Spanish plan, finds 
only a scale of Spanish palms, 20 to an inch. Supply him with 
a corresponding scale of English feet, taking the palm as '684 
English ft. Show 50 feet (PI. III. Fig. 14). 

36. The distance between two towns on a Swedish map ii 
9*125 in. English, they are 120 Swedish miles apart. Construct 
for this map a scale of English miles. 

1 mile Swedish ss 6* 64 12 English miles. 

37. Finding that the distance between two points on a Swedish 
map is 7 in., and tlie real distance on the ground 5000 alners, 
construct for it a scale of feet, the alner being *6493 of an 
English yard. 
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38. Draw a diagonal scale to show lOOOths of a foot full size. 

39. A Prussian fathom contains 6 Rhenish feet, each 1-0297 
English feet. Construct a scale of fathoms yf ^ showing feet 
diagonally. 

40. Make a scale of 10 ft. to 1*5 in. showing inches diagonally, 
and explain the principle of construction. 
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1. Draw two circles having radii of 1 and 1*2 in. respectively, 
touching each other {Prob, VII.). 

2. Construct a scale of miles and furlongs having for its repre- 
sentative fraction 77^77^. 

3. Draw a straight line, 3*25 in. long, and from its extremity 
draw a perpendicular by construction, without adding to the 
length of the line {Prob, V. 4). 

4. Describe a circle, of '75 in. radius, and describe about it a 
triangle, two of whose angles are 53° and 38° respectively. 

5. Draw three parallel lines at ^ in. apart, and 2 in. long. 
The first line to be a dark line, the second a line of i^edium 
thickness, and the third a fine line. 

6. Construct a scale of yards 5 in. to the mile, and give its 
representative firaction. 

7. Construct a triangle having its sides A B, B C and C A 
=2*5, 3*5 and 4 in. respectively ; and make an angle equal to 
the angle ABC (Prob. II.). 

8. Draw two straight lines each about 2 in. long, and inclined 
to each other at an angle of 100°. Draw a circle of 1 in. radius 
touching both of them {Prob. XIIL). 

9. Draw, on a scale of 60 yds. to an inch, a triangle having 
two sides equal to 180 yds. and 240 yds. respectively, and the 
angle included between them equal to 75°. Ascertain accurately 
and figure the length of the third side and the values of the 
remaining angles. The triangle to be penned in with a very 
thin line. 

10. Draw two parallel lines with a straight edge and compasses. 
Let the lines be about 3 in. long, and f in. apart 
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11. Construct, on a scale of 45 ft. to an inch, a figure 
A B C D E F, according to the following instructions : — 

A B = 135 ft.; B C=117 ft.; the angle A B C=185*»; 
CD=88 ft.; the distance AD=202 ft.; DE=U1 ft.; dis- 
tance AE=148 ft. ; E F=84 ft. ; F A=87 ft. 

Ink in the figure ABCDEFina dark line : the lines A D, 
A E in chain dots. 

12. Draw five figures similar to A B C D E F, and inside it, 
at distances from it of 2, 4, 6, 8, 10 ft. respectively. Ink in 
these five figures in fine and dotted lines alternately, commencing 
with a fine line for the innermost figure. Print the letters 
distinguishing the- lines of the external figure, and figure the plan 
according to the dimensions given in Ex, 11. 

13. Construct a scale for the figures drawn in Ex, 11 and 12, 
and print neatly above it *• Scale of 45 ft. to an inch.* 

14. Assiune three points A, B, C, such that A is 2-^ in. from C, 
and 1^ in. from B, B being If in. from C. Describe a circle 
passing through the points (Frob. X.). 

15. Draw a straight line ; from a point very close to, but 
within, the right-hand end of the line, raise a perpendicular 
{Frob. V. 4). 

16. From any point of the above perpendicular draw a line 
towards the original line, and at an angle of 30^ with the per- 
pendicular ; and state at what angle it will meet the original, or 
base line. 

17. The scale of the ordinary English barometer is extended 
up to 31 in. Construct a vernier scale to show the reading 
3065 in. 

18. On a Chinese map, a distance called 17 li, measures 
6*3886 in. Give the representative faction, and construct corre- 
sponding scales of English miles and French kilometres. 

1 Chinese li= -355871 English mile. 
1 kilometre =-62138 „ 

19. Construct a plain scale of 19 English ft. to an inch, and 
make a corresponding scale of Chinese Teh^. 

1 Teh^=l-05 English ft. 

20. Draw the scale which you would adopt in order that the 



78 MISCELLANEOUS EXERCISES 

plan of a district 17 miles long and 13 miles wide might be made 
on a sheet of paper 10 in. long and 7^ in. wide. Divide the 
scale so that you would be able to measure miles, furlongs, and 
chains. 

21. Inscribe an octagon in a square, the side of the square 
being 2*43 inches. 

22. One side of a triangle is 2'7 in. long, the opposite angle B 

is 65°, J- ^1*6 in. Construct the triangle. 

sec A 

23. On a base of 3 in. describe an irregular figure of 7 sides ; 
reduce it to a triangle of equivalent area, and calcidate that area. 

24. Draw arcs of radii 2 and 3 in. respectively, with their 
centres 6 in. apart, and a third arc of 2*5 in. radius to touch the 
others externally. 

25. Draw a line 2 in. long perpendicular to a given line 8 in. 
long, from a point | in. from one end, by geometrical con- 
struction (JProh, V. 2). 

26. Construct an isosceles triangle equal in area to the sum of 
4 squares, of which the sides are respectively ^, f , ^, 1^ inch. 

27. Draw six parallel dotted lines of equal thickness, each 
3*14 in. long, and at equal distances of -^ in. 

28. A right-angled triangle has a base of 2 in. and an area of 
3 square in. : construct it, and also one similar to it of half its 
area {Proh, XXIII. Cor.). 

29. The distance between London and Chatham is 30 miles, 
and measures on the map 18*3 in. ; draw the scale of the map 
divided into miles and furlongs, and mark the representative 
fraction. 

30. A map is 36 in. long and 30 in. broad, it contains an 
area of 25 acres ; draw a scale for the map to show poles, yards, 
and (diagonally) feet. 

31. Divide a straight line 5*3 in. long into 8 equal parts, and 
through the points of division draw parallel straight lines, ^ in. 
apart, making them alternately dotted and continuous {Proh, XII.). 

32. Construct 3 squares the areas of which are *81, 1*96 and 
2*56 square in. ; and construct, geometrically, a fourth square, 
the area of which shall be equal to the sum of the areas of the 
other three {Proh, XXX.). 
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33. Construct a triangle having its sides equal to 2, 2}, and 
3 in. respectively, and find a point equidistant from its sides. 
Circumscribe a circle about the triangle {Proh, X.). 

34. Draw a scale of Milan miles gTriinr* 

The Milan mile =1-0277 English mile. 

35. The distance between two points 1 Austrian mile apart, is 
represented on a map by 2*66 inches. 

Construct a diagonal scale of English miles for the map, to 
measure hundredths of a mile. The Austrian mile =3*3312 
English miles. 

36. Describe an arc passing through the three points A, B, 
and C, which are so situated that the distance from A to B is 
1*75 in., from B to C 1*34 in., the lines joining A B and B C 
making with each other at B an angle of 133° (Frob, X.). 

37. The distance which A B in Ex. 36 represents is 365 
yards. Construct a scale of yards for the diagram. 

38. On an Italian military plan, I find that the distance 
between two points measures 3 English inches, and on a scale 
attached to the plan 220 canne. Draw a comparative scale of 
English yards. 1 canna=:2'3008 English 3rards. 

39. On a base, 3 in. long, construct an equilateral triangle, 
and in it inscribe a circle. (Bisect two of the angles,) 

40. Draw an irregular hexagon of which the longest side 
shall measure 3 in. and the shortest side 1 in. ; and construct 
a similar figure the longest side of which shall measure 2 in. 
(Frob. XX.). 

41. Construct a scale to measure feet and inches on a drawing 
in which 1 in. represents 7 ft. 

42. From a point A, the angles between the points B and C, 
and C and D, were observed to be 40° and 50°, the lines joining 
B C and C D being 1200 and 1500 yards long respectively, and 
forming at C, on the side nearest A, an angle of 155°. Find the 
point A. Scale 600 yds. to 1 in. 

43. Construct a vernier scale, 8 ft. to an inch, to measure 
inches by means of the vernier. 

44. Draw a straight line 4^ in. long and divide it, by con- 
struction, into 5 equal parts {Frob, VI.). 



i 



74 MISCELLANEOUS EXEBCISES. 

45. Construct a triangle having two of its sides equal to 3 in. 
and 8^ in. respectively, and the angle subtended bj the longer 
side equal to 50®. 

46. Draw a straight line 2 in. long, and on it describe the 
segment of a circle which shall contain an angle of 55® {Frob, IX.). 

47. Draw two lines 2^ in. apart and unite them by two curves 
of contrary flexure, having radii of J and 1^ in. respectively, in 
such a manner that the curves shall be tangential to each other, 
and each one of them tangential to one of the two straight 
Unes {Frob. VIII.). 

48. Draw a straight line about 2 in. long, and describe a 
quadrant of a circle with a radius of 1 in., touching it at one 
extremity (Frob. VIII.). 

49. Construct a triangle of which the sides are as 4, 5, and 6, 
and about it describe a circle {Prob, X.). 

50. Draw two parallel lines 5 in. long and 2^ in. apart, and 
describe two circles between them touching the lines and each 
other {Frob, VIII.). 

51. Divide a line, 6 in. long, in the proportion of the numbers 
2, 3, 4, 5, 1 and 2, the divisions running in accord with the 
numbers as regards sequence. Ascertain and figure the length 
of each division in inches and decimals of an inch. 

52. From one extremity of a line 3 in. long draw a perpen- 
dicular 2 in. long, without producing the line. Base the con- 
struction on geometrical principles {Frob, V. 4). 

53. Find, by construction, a mean proportional between two 
lines 2*4 and 3*8 in. long, respectively {Frob, XL). 

54. A line 5 in. long is divided into 6 equal parts; draw 
parallel lines '5 in. apart through the divisions of the given 
line. 

55. Construct a square of 5*36 in. area, without extracting the 
square root of 5*36 (Frob, XI. Cor.), 

56. Construct a square of which the area shall be equal to the 
siun of 4 squares having their sides '5, 7*5, '875, and 1*125 in. 
respectively (Frob, XXX.). 

57. Divide a line 3 in. long into 7 equal parts (Frob. VI.). 

58. Describe a square equal to the difference of two squaies 
whose sides are 3*25 and 1*94 inches (Frob. XXIV.). 
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59. Make a triangle of which the sides are 3*5, 1*75, and 2 in. 
respecdvelj. Describe a rectangle equal to the triangle {Frob. 
XVI.) 

60. Describe a rectangle of which the sides are 3*45 and 2*65 
in. ; find its area. 

61. Find a line which shall have the same ratio to a line 1*5 
in. long, that 3 in. has to 1*75 inches {Frob, XXIX.). 

62. Trisect a right angle. 

63. Describe upon a line, 2 in. long, as a base, an isosceles 
triangle having its vertical angle equal to ^ of a right angle 
(Frob, XXIL). 

64. Draw parallel lines one inch apart through points in a 
straight line at distances of 2 inches {Frob. XII.). 

65. Draw a circle circumscribing a triangle, of which the sides 
are respectively 4, 5, and 6 inches (Frob, X.). 

66. Construct a square equal to a triangle, of which the sides 
are respectively 1*5, 2, and 2*25 inches (Proi. XVI. and XI.). 

67. A B is a straight line 2 in. long ; find, with the compasses 
only, a point P, in the continuation of A B, on the side of B, and 
2 in. from it (Euc, iv. 15). 

68. Reduce an irregular figure of five sides to an equivalent 
triangle, and calculate the area {Frob, XIX.). 

69. In the triangle A B C, A B=150 yds., B C=180 yds., 
A C=250 yds. Find by construction a point P when the angles 
A P B and C P B are respectively 38° and 52° {Frob. XXV.). 

70. Construct an equilateral triangle 2^ in. high. 

71. Describe an arc of 45° with a radius of 2 in., and bi- 
sect it. 

72. Describe a circle of 1*85 in. diameter ; assume a point 
1*5 in. without it, and from this point draw a tangent to it 
{Frob. VIII.). 

73. Draw parallel lines 4^ in. long at ^ in. apart. The first 
line to be a dark line ; the second a fine line ; the third a simple 
dotted line ; and the fourth a chain dotted line. 

74. Construct a square of 1*5 in. side, and describe about it a 
circle in dots : describe a second circle in a dark line concentric 
with the first, and -^^ in. outside of it {Frob. XXIII.). 

75. Draw 4 concentric circles with radii =1 in., l-j^ in., 1\ 
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in., 1^ in. respectivelj. Ink them in, commencing at the inner 
circle, with a dark line ; as fine a line as jou can draw ; a 
moderately thin line, such as is suitable for the thin lines of an 
ordinary working drawing ; and a dotted line. 

76. Draw 3 circles each with a diameter of 2 in., so that each 
circle may touch the other two {Frob, YU.). 
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EXAMINATION PAPERS. 

College of Preceptors, 

Midsummer 1871. 
1* Daw a line perpendicular to a given line at one extremity. 

2. Draw a line about 2 in. long, divide it into any numl)er of 
unequal parts ; draw another line two-thirds the length of first, 
md divide it proportionally to it. 

3. Construct a hexagon upon a given base line about half un 
inch long. 

1 Construct a nonagon upon the same or a similar base lino. 

5. Describe an ellipse, the long diameter of which is half as 
long again as the short one, and draw a short line perpendicular 
to the curve of the ellipse at any point upon it. 

Christmas 1871. 

1. Construct an equilateral triangle, the altitude of which is 2 in. 

2. Draw any triangle, and construct another precisely like it, 
bj measuring the angles. 

3. Give a method by which any regular polygon may be con- 
structed, one side being given. 

4. Construct a triangle, the ddes of which are respectively 2 in., 
1^ in. and 3 in. ; inscribe a circle within the triangle. 

5. About the triangle, given in the last question, describe u 

circle. 

Midsummer 1872. 

1. Take two points, A and B, 1^ in. apart and construct a 
circle of 1 in. radius passing through them. 

2. On a base line, A B, 3 in. long, construct a triangle having 
the angle at A =45°, and at B=60°. 

3. On a line 2 in. long construct a square, and find the size of 
another square half die area of the first. 

4. Within a circle of 1^ in. radius show a method by which any 
regular polygon may be constructed. 

Christmas 1872. 
1. Construct a rhomboid, one diagonal being 2 in., and adjacent 
sidea 1^ in. and 1 in. respectively 
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2. Draw a regular heptagon of 1 in. side, by a method appli- 
cable to any polygon. 

3. Draw an ellipse, the long diameter of which is 2 in. and 
the short diameter ^ in. Find the centre and axis or trans- 
verse and conjugate diameters of a given ellipse, the circumference 
only being given. 

4. Inscribe three equal circles in an equilateral triangle, each 
circle touching two sides of triangle. 

5. Draw a circle 3 in. diameter, and inscribe within it three 
equal circles. 

Cambridge Local Examinations, 

A. 

1. Draw an ellipse, of which the conjugate diameter is 2 in., 
and the transverse 3 in. in length. 

2. On a line 1 in. long construct a regular pentagon. 

3. About a circle of 1 inch radius construct a regular hexagon. 

4. Within a circle, 3 in. in diameter, place 5 equal circles 
touching one another, and the circumference of the given circle. 

5. Construct a rectangle 2 in. by 1 in. and on one of the longer 
sides an isosceles triangle of equal area. 

6. Construct an equilateral triangle of 2 in. sides, and within it 
inscribe a square. 

B. 

7. Construct an isosceles triangle, of which the base shall be 
1 inch long and the opposite angle 30®. 

8. Within a circle 3 in. in diameter place a cinqfoil of tan- 
gential circular arcs. 

9. Find a mean proportional between two lines, 1^ and 2\ 
in. long. 

10. Draw three circles of 1^ in. diameter, each one touching 
the other two. 

11. Within a circle 2^ in. in diameter inscribe a rectangle, of 
which the longer sides are 2 in. 

12. Construct an equilateral triangle of 1^ in. sides and A 
rectangle of equal height and area. 
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Cambridge Local Examinations, 

A. 

1. Coustruct a regular pentagon, of which the sides are 1^ in. 
long. 

2. Draw the curve of an ellipse of which the longer diameter 
is 3^ in. and the shorter 2^ in. long. 

3. Construct a rhombus having its sides 2 in. long and one 
angle 60°, within it inscribe a circle. 

4. Within a circle, 3 in. diameter, inscribe three circles equal 
to and touching one another, and also touching the circumference 
of the given circle. 

5. At one end of a line 2 in. long erect a perpendicular to it, 
and trisect the right angle. 

6. Construct a square equal in area to an equilateral triangle 
of 1 in. side. 

B. 

1. Construct a regular decagon contained within a circle of 
1 in. radius. 

2. Within a rectangle 3 in. by 2^ in. place a similar figure of 
which the longer side is 2^ in. The smaller rectangle to have 
the same centre as, and its sides parallel to those of, the larger 
one. 

3. About an equilateral triangle of 1 in. side describe a 
circle. 

4. Find a mean proportional between two lines which are 1^ 
lUid 2 in. long. 

5. Draw 3 circles 1 in. in diameter each, touching the other 
two. 

6. Construct an isosceles triangle having an angle of 30' 
opposite the base. 

A. 

1. Upon a line 1 in. long describe a regular hexagon. 

2. Within a rectangle 3 in. by 2^ in., inscribe an ellipse, 

3. Draw a cinqfoil of adjacent semicircles of J in. radius. 

4. Within a triangle having sides 2, 1^, and If in., inscribe a 
square. 
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5. Construct a square having an area equal to the rectangle in 
Ex, 2. 

G. Draw an undulating continuous curve of 6 arcs of circles, 
<ach containing 90° and described with a radius of 1 in. 

B. 

1. Within a circle of 1 in. radius inscribe a regular octagon. 

2. A rectangle has sides of 2^ and 1-^ in. ; give, by construc- 
tion, a similar rectangle, of which the longer side is If in. 

3. Draw a quatrefoil of tangential arcs of circles of \ in. 
radius. 

4. Within a rhombus, of which the diagonals are 3 in. and 2^ 
in., inscribe a circle. 

5. Construct a regular pentagon of 1 in. side, and about it a 
second pentagon of 1^ in. side, having the same centre and its 
sides parallel to those of the first figure. 

6. Within a circle of 2^ in. diameter place 3 equal circles, 
touching one another and the circimiference of the given circle. 



CiXy of London College. 

1 . Describe an equilateral triangle of 3^ in. altitude. 

2. Divide a straight line 5^ in. long into parts as the numbers 
3, 7, 9, 10. 

3. Describe an equilateral and equiangular pentagon on a line 
1| in. long. 

4. Inscribe a regular undecagon in a circle of 1|^ in. radius. 

5. Draw an ellipse, of which the axes are 3 and 2^ in. respec- 
tively. 

6. Divide a pentagon into 4 parts, as 3, 5, 7, 9, by straight 
lines drawn from one of its angles. 

7. Divide a triangle of which the sides are 2^, 3, and 4 in. 
respectively, into 3 equal parts by lines drawn through the 
middle point of the longest side. 

8. On a line 3 in. long describe a Gothic arch on an equilateral 
triangie. 
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Roffol Military Academy^ Woolwich, 

1. In the triangle A B C, A B=:2 in., B 0=2*4 in., the angle 
A B 0=52''. Bisect A B C by B D (D being a point in A C), 
and divide B D into 5 equal parts. 

2. Draw the regular nonagon ABCDEFGHK with a side 
of 1*7 in. Reduce it to a triangle of equal area having £ for its 
vertex and A B produced for its base. 

' 3. Draw a semi-eUipee, of which the major axis is 4 in. and 
the minor axis 2 in. 

4. Find a mean proportional and a third proportional to two 
lines 1 in. and 1*69 in. long. 

5. Draw circles with radii of 1 in., 1^ and 2 in. to touch each 
other extemallj : join the centres of the circles ; and to the 
resulting triangle apply the inscribed and circumscribed circles. 

6. Divide a line of 3*75 in.' into two s^ments, such that the 
rectangle contained by them may be 2 in. in area. 

7. Construct a regular pentagon of 7 in. area. 

8. Construct two squares, one double the area of the other, the 
area of the greater being 5 inches. 

9. Draw four lines meeting in a point, so that a line drawn 
parallel to any one of them may be divided into two equal seg- 
ments by the other three. 

1. Make a r^ular pentagon, side 2*5 in., and draw any 
diagonal ; construct an equilateral triangle equal to the larger 
portion of the polygon so divided. 

2. Through one angle of a regular octagon of 1*8 in. side 
draw a line to cut off ^ths of the figure. 

3. Draw a circle of 2 in. radius, and through a point 4*5 
inches from the centre, draw a line cutting off from the circle a 
segment containing an angle of 30^. 

Construct a scale of furlongs -^^^^j^, and divide it diagonally 
to show chains. 

4. Two buoys in a harbour are distant from each other 15 
kilometres; on a drawing of the harbour their plans are 8*5 
inches apart ; required a scale of English miles for the plan. 

1 kilometres 1093*33 yards. 

a 
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5. A line on a plan, 10'85 inches long, represents a length of 
83*5 feet ; a second plan of the same work is to be drawn, so 
that the area of the second shall be to that of the first as 
3:2; draw the scale for this second plan to show feet and 
inches. 

6. Diyide a line 1*2 in. long into 77 equal parts by diagonal 
division. 

7. Circumscribe a triangle having its sides as 2 : 3 ! 3*5 about 
a circle of 2 in. diameter. 

8. Draw a regular pentagon of 5 inches area, and construct a 
regular hexagon of an equal area. 

9. Inscribe 3 equal circles in one of 1*5 in. radius, each 
touching the other two. 

10. A point H is 2 in. from a line A B ; draw the curve 
the distance of ©very point of which from H and A B is in the 
constant ratio of 3 I 4. 

1. Through two points 4 in. apart, draw lines converging 
to a point without the paper, and through any assumed point (P) 
another line to pass through the intersection of the first pair. 

2. Draw a circle through point (P) in question (1) touching 
the two lines first drawn. 

3. Construct a regular nonagon of 4'5 inches diameter, and an 
equilateral triangle equal to |ths of the area of the polygon. 

4. The semi-conjugate diameters of an ellipse are 2*5 and 1*3 
in., respectively, and the included angle is 63° ; draw the 
curve, and determine its axis. 

. 5. Given, point T, in a parabola, and its distance F T from 
the focus P 1-6 inches, the line F T making an angle of 31°, with 
a tangent to the curve at the point T, to determine the axis, 
directrix, and curve. 

6. Make a scale of feet -^ to show inches diagonally. 

a. The mouth of a harbour is 1250 yards wide, and this width 
is expressed upon a plan by 15*5 inches ; required a scale of 
French metres for the drawing. 

7. The area of a rectangular piece of ground is 92,160 square 
links. In a drawing it occupies an area of 19*6 square inches. 
The sides of the rectangle are in the ratio of 5 to 8. Make a 
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wale of chains showing 4 chains, and divide diagonally to show 

links. 

1 chain =100 links. 

8. A regidar octagon has a diameter of 4*5^' ; through a point 
in its perimeter ^th of an inch from an angle, draw a straight line 
cutting off -^ths of the figure. 

9. Construct an equilateral triangle with an area of 6 inches. 

10. A trapezoid has its parallel sides 2'' and 5", these latter 
being 3'' apart ; construct an isosceles triangle equal to the figure 
and with same altitude : or an equal triangle having its sides as 
the number 4, 5, 7. 

11. Four sectors of circles have angles of 60° and radii 2", 
2*5", 3'', and 4'' ; construct a ' similar sector ' equal to the 
four. 

12. Construct the quantity v'a'H-S i* when a = 2", 6=1'5". 

13. Points D and £ are 2" apart; the straight line D E is 
produced 2'' to F to make an angle D F G=t35** with F G : 
through D and E draw a circle to touch the straight line F 6. 

14. Make a diagonal scale of French metres ^^ to show deci- 
metres. 

1. Divide a line, 4'' long, into two segments such that the 
rectangle contained by them may be 3 square inches in area. 

2. Construct a i^uare of 5 in. area, and an equilateral 
triangle equal to it. 

3. Inscribe a square in an isosceles triangle of 2'6" base and 
3" side. 

4. Construct a triangle similar to the last, but of double its area. 

5. Bisect this last triangle by a line parallel to its shortest side. 

6. Draw a scale of y^ to show chains and links. Chain=22 
yards. 

7. Divide a square of 2*5" side into three eqiud areas by lines 
drawn through one comer. 

8. The radii of two circles are 1", 1*75" ; cut off fix)m the 
circumiference of the greater an arc equal to half that of the 
leaser. Calculation must be used here. 

9. Inscribe a rectangle of 5 in. area in a circle of 2" radius. 

10. Conttruct a rectangle of 6 ii). area, its sides being as 3 T i 

G 2 
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11. Construct the following quantities V^, \^f, ^^|=^> \/7+3. 

12. Construct a scale of paces of 32" of ^^^y. 

13. Two sides, A B and B C, of a triangle are 3" and 1*5", 
and they include an angle of 70° : through point B draw a 
straight line to divide the third side A C: — 

(1) In the ratio of A B to B C. 

(2) „ ofAB + BCtoBC. 

14. K A and C, in preceding question, are the foci of an 
ellipse, and B a point in the curre, draw the ellipse : and a tan- 
gent to it at the point B. 

(Only half the curve need be shown, correctly drawn.) 
. 15. An isoscdes right-angled tria&^e ha^ its equal aides 3'' 
each : required an equilateral triangle equal to it. 

16. Trisect a square, side 2*5", by straight lines drawn through 
one angle. 

17. Give geometrical constructions of the following identities : 

When « = 2" J = '7". 






18. Make a diagonal scale of yards comparative to one of 
Eussian versts of jyVrf 

19. The sides of a rectangle are 6" and ^" : determine by a 
single construction the sides of 4 equal rectangles having their 
containing lines in different ratios. 

R,M,C, Sandhurst Papers, 

I. 

1. Draw 9 circles off in. radius in three rows, their centres 
to be in lines parallel to each other and 1^ in. apart. 

2. Draw a circle with a radius of J in. Inscribe and cir- 
cumscribe this circle with two equilateral triangles having their 
sides parallel. 

3. Pind a mean proportional between two lines 2^ in. and ^ in. 
long, and figure its length on the diagram. 

. 4, Draw a regular hexagon, of 1 J inch side, and within it 
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equal circles, each touching two other circles and also two 
sides of the polygon. 

5. Draw a circle with a radius of 1 in., and place in it a 
chord such that the angle standing on it and having the point in 
the circumference may be 47". 

n. 

1. Draw a scale of a foot to an inch, to show inches and feet. 

2. It is desired to increase the size of part of a plan, which is 
drawn to a scale of ^5^4^ , to one which is to be on a scale of 8 
feet to an dghth of an inch. Draw the scales. 

3. Construct a triangle, two of whose sides shall be 2*4 and 
3'15 inches respectively, and the included angle 136°. 

4. Draw a circle, in whose circumference the three angles of a 
triangle shall lie, whose sides shall be in the proportion of 6, 19, 
and 21. Make the diagram on a suitable scale. 

5. Draw a regular pentagon of 2^ inches side, and convert it 
into a regular hexagon of equal area. 

6. Determine, by construction, a third proportional to two lines 
of 1^ and 3*625 inches in length, greater than either of them. 

7. In a circle of 2'8 inches radius inscribe 5 equal circles. 

8. Draw the straight line A B, 6 inches long, and take a 
point C ^ an inch above A B and 2 inches from A ; through 
A C B draw the arc of a circle (the centre being inaccessible), 
determining at least 4 other points in the arc. 

III. 

1. Trisect the line A B which is 5*3 inches long in the points 
C and D ; at A and B erect perpendiculars by different methods 
without in either case producing A B ; at C draw a line C E, 
making the angle A C E = 105°; and at D draw a line D F 
making the angle B D F = 70°; constructing the angles in each 
case (i.e. not measuring them by means of the protractor or 
sector). 

2. Draw a circle with a radius of 2| inches. In it inscribe a 
triangle, having its sides in the proportion of 3, 4, and 5. Write 
down the magnitudes of the sides and angles of the triangle. 

3.. About a circle of 1*7 inch radius, describe a regular 
hexagon. 
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4. Draw a scale to measure distances between 700 yards and 
10 yards, in which 250 yards are represented by 2*25 inches. 

5. From the above scale construct an isosceles triangle, of which 
the altitude is 380 yards, and each of the equal angles 35^. 
Write down the lengths (in yards) of the sides and base of the 
triangle. 

6. Construct a mean proportional between two lines 1 i and 1 1 
inches long; and a fourth proportional to the same two lines 
and the mean proportional, taken in the order in which they are 
written. 

IV. 

1. Draw the line A B 3;|^ inches long; from A and B draw 
(on the same side of A B) lines meeting in G, making the angles 
CAB, CBA,110° and 40° respectively (these angles are to be 
constructed, i.e. not measured by either the protractor or the 
sector). From C draw a perpendicular to A B produced, meeting 
it in D. Write down the lengths of A C, B C, and C D. 

2. In an equilateral triangle of 5*2 inches side, inscribe 3 equal 
circles. Each circle is to touch each of the other circles and 
two sides of the triangle. 

3. Construct a regular hexagon with a side of 2f inches, and 
in it inscribe a circle. 

4. Construct a parallelogram with sides of 3*9 and 2*7 inches, 
one of the angles measuring 65°. Divide the parallelogram into 
6 equal parallelograms by means of lines parallel to the shorter 
sides. 

5. In the straight line A B 350 feet long, take points C and D, 
making A C and A D 95 feet and 230 feet long respectively. 
At C, D, erect (by construction, and on .opposite sides of A B) 
perpendiculars C E, D F, 135 feet and 110 feet long respectively. 
Join AE, EF, FB. 

Measure and write down the lengths (in feet) of these lines 
and the size of the angles A E F, E F B. 

Scale (which need not be drawn) 60 feet = 1 inch. 

6. Draw a scale of feet long enough to measure 500 feet, the 
least dimension being 10 feet; 60 feet being represented by •75 
inches; give the calculation. 
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7. Draw a diagonal scale, of ^ of a mile to the inch, to measure 
miles, furloDgs, and chains, 4 miles to be the greatest length 
shown. Give the calculation, and mark the representative frac- 
tion. From the scale draw a line 2 miles, 2 furlongs, 2 chains long. 

N.B. — 1 mile := 8 furlongs, 1 furlong = 10 chains. 

V. 

1. Draw a square whose side is 3*25 inches. 

2. Draw a circle 3*4 inches in diameter. Find its centre by 
means only of a ruler whose edges are paradlel. 

3. Draw two circles of radii 8 inches and 1*2 inches with 
centres 2*5 inches apart Draw an arc of a circle 5 inches radius 
touching internally these circles.. 

4. Draw an equilateral hexagon 1 2 inches side. Reduce the 
figure to a triangle and ascertain its area. 

5. Find a mean proportional to the lines whose lengths are 
2*5 inches and 3*6 inches, and give its length. 

6. Divide a line A B, 2*7 inches long in the point C, so that 
the rectangle under A B and B C shall equal the square on A C. 

7. Constract a scale of chains. Representative fraction ytst^t^' 
Smalle.^t unit 1 chain. Show 1 mile. 

N.B. — One chain = 66 feet. 

VI. 

1. Draw a parallelogram of which the adjacent sides measure 
2§ and 3f inches respectively and two of the angles 57° each. 
Divide the parallelogram into 16 equal parallelograms similar to 
the original figure. 

2. Determine by construction a mean proportional to two 
straight lines 1*6 and 2*5 inches long, and a 4th proportional to 
these two lines and the mean proportional. Write down the 
lengths of these proportionals. 

3. Upon a straight line 3^ inches long, construct a square ; 
bisect the line, and upon one of the halves construct a second 
square inside the first one. Reduce the space by which the first 
square exceeds the second to a triangle of equal area. 

4. From a point B in the line A B, 52 feet long, draw B C 39 
feet long, making the angle ABC 125°, from C draw C D (by 
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construction, and without producing B C), 35 feet long perpen- 
dicular to B C ; from D draw D E, 43 feet long, making the 
angle C D E, 75°. Join A E. Write down its length in feet and 
the size of the angles AED, BAE. ABODE forms an 
irregular five- sided figure. Scale (which need not be drawn) 
1 5 feet = 1 inch. 

5. Draw two circles with radii of 1^ and If inch respectively 
to touch each other externally, and an arc with a radius of 2^ 
inches, touching externally the first two circles. 

6 Draw a plain scale of miles and furlongs in which f of a 
furlong is represented by ^ of an inch. The scale should be 
long enough to measure 10 miles. Show the calculation, and 
mark the representative fraction. 

7. Draw a diagonal scale, 850 paces to the inch, to measure all 
distances between 10 and 6,000 paces. From the scale draw a 
line 3,560 paces long. Show the calculation, and mark the 
representative fraction, assuming the pace to measure 32 inches. 

VII. 

1. In a circle having a radius of 2 '3 inches place a triangle 
liaving its sides in the proportion of 4, 6, and 6. In the tri- 
angle inscribe a circle. 



2. Divide by construction, AB 3f inches long, into three 
equal parts in C and D At A construct a perpendicular to 
A B 2^ inches long. At C and B draw C E and B F 3^ and 25 
inches long respectively, making the angles E C B and F B A 
(by construction) 60° and 135° respectively. 
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8. On a straight line 1*9 inches long construct a regulat 
heptagon. Reduce the figure to a triangle of equal area. 

4. The accompanying diagram (fig. 27 ) gives the dimensions, 
&c. of the irregular figure A C D E F G. Dravir the figure to the 
given scale. Measure and write down the length (in feet) of £ F 
and the magnitude of the angles GAG and C D £. 

Scale (which need not be drawn) 20 feet==l inch. 

5. Construct the segment and sector of a circle having each 
the same chord, 3*4 inches, and the same radius, 2*3 inches. 
Measure and write down the magnitude of the angle in the 
segment. 

6. Draw a plain scale of yards and eighths of yards long 
enough to measure 7 yards, f of a yard being represented by 
*45 inches. Give the calculation and mark the representative 
fraction. 

7. Draw a diagonal scale of furlongs and chains, long enough 
to measure 50 furlongs, 23 furlongs being represented by 2*7 
Inches. From the scale draw a line 32 furlongs 7 chains long. 
Give the representative fraction and the calculation. 

R,M,A. Woolwich Entrance Papers. 

I. 

1. Draw a straight line A B 3*2 in. long ; bisect it in G ; 
take points D and E in A B, one on each side of C, 1*4 in. 
and *8 in. from it ; on D E describe a square. 

2. Construct a triangle ABC, having A B 3*6 in., B C 
2^ in., and the angle ABC 115°. Divide AB into 5 equal 
parts, and through each point of division draw lines, alternately, 
dotted and chain dotted, parallel to A C, terminating in B C. 
Measure and write down the size of the angles B A C and A C B, 
and the length of each of the parallels. 

3. Describe a circle with a radius of l-j^ in., and two other 
circles with radii of 1 in. and ^ in., touching the first circle 
respectively, externally and internally, in the same point. 
Decribe a fourth circle with a radius of 1;J^ in., touching the two 
smaller ones. 

4. Divide a straight line 3*3 in. long into two parts, so that 
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the rectangle contained by the whole and one of the parts shall 
be equal to the square of the other part. 

5. Find both a mean* and a third proportional to two straight 
lines 1*2 and 1*8 in. long. Measure and write down their lengths. 

6. Describe a regular octagon about a circle of If in. radius. 

7. Bisect a straight line A B, 3 in. long, in C ; through C 
draw C D 2*4 in. long, making the angle D C B 65°. Join 
A D and D B, measure and write down their lengths and the 
sizes of the angles of the triangle A D B. 

8. Divide a straight line 3^ in. long into 8 equal parts, and 
through the extremities of the line and through the points of 
division draw parallel straight lines, alternately continuous, 
dotted, and chain dotted, 2f in. long, and making angles of 40° 
with the first line. 

9. Construct a triangle the sides of which measure 2, 2*6, and 
3*1 in., and to a straight line, 1*7 in. long, apply a parallelogram 
of equal area, having one of its angles 58°. 

10. Draw the segment of a circle to contain an angle of 46°, 
the chord measuring 1*7 in. Measure and write down the 
length of the radius of the circle. 

11. To a circle of 1*8 in. radius apply an inscribed pentagon 
and circumscribed hexagon. 

12. Draw a square of 3*8 square inches area and an equi- 
lateral triangle equal to it. 

IL 

1. At one extremity, A, of a straight line A B, 4^ inches 
long, erect (without producing A B) a perpendicular A C 3^ 
inches long ; at the other extremity B, and on the same side of 
A B, draw B D 4^ inches long, making the angle A B D 118°. 
Join CD, and divide it by construction into live equal parts. 

2. Determine by construction a mean proportional to two 
straight lines 1^ and 2 inches long, and a fourth proportional to 
the same 2 lines and the mean proportional. Write down the 
lengths of both proportionals. 

3. In a circle of 2*28 inches radius inscribe a r^ular hepta- 
gon, showing how its side is obtained ; construct a square of 
equal area with the heptagon. 
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4. Gonatrnct the irregular figure of which the dimensions, &c.| 
are given in the accompanying rough sketch. 

Reduce the figure to a triangle of equal area having its 
vertex in D, and its base in A B (produced if necessary). 
Write down the magnitude of the angles of the triangle, and the 
length (in feet) of its sides. 

Fio. 28. 




Scale (which need not be drawn) 15 ft.=l inch. 

5. Draw three circles with radii of J, 1^, and 1 J inches, to 
touch one another extemally. 

6. Gonstinict half an ellip!«e of which the major and minor 
axes measure 4*8 and 8*2 inches ; at least 10 points in the cir- 
cumference must be determined. 

7. Draw a scale of 25 inches to the mile to measure yards ; 
the smallest division on the scale is to represent 10 yards. 

8. Draw a diagonal scale to measure miles, furlongs and 
chains ; 50 furlongs being represented by 9 inches. From the 
scale draw a line 2 miles, 5 furlongs, 7 chains long. 

N.B. — 1 mile=8 furlongs=80 chains. 

in. 

1. Upon a straight line 4*3 in. long construct a square, obtain- 
ing each perpendicular by a different geometrical process. 
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2. Describe x segment of a circle to contain an angle of 79°, 
the chord of the arc being 3J inches long. In the segment 
draw a circle with a radius of '9 inches to touch both the chord 
and arc of the segment. 

3. Construct the irregular figure of which the dimensions, &c., 
are given in the accompanying sketch. 

Reduce the figure to a triangle of equal area having F for its 
vertex, and its base in A C (produced if necessarj'). 

9 

Fio. 29. 




Scale 7^ ft.=l inch. 

AB=20ft.; BC=16ft.;. 

BD=Uft.; BE=10ft.; 

BF=13ft.; BG=12ft.; 
ABD=28°; DBE = 13*»; 
EBF=2P; CBG=58°. 

4. Construct a triangle of which two sides measure 3 '2 inches 
and 2*6 inches respectively, and the included angle 108°. Draw 
an equilateral triangle of equal area. 

5. Divide a straight line 3f in. long in extreme and mean 
ratio. Find a third proporti(^nal (the less) to the two segments 
of the line, and write down its length. 

6. With a radius of 2 '35 inches, describe a circle, and divide 
it into ^^^ equal parts, each having the same area. 

7. Draw a scale of ffeet and inches 6 feet long, in which 9 feet 
are represented by 10 inches. Show the calculation. 

8. Draw a diagonal scale to measure perches, yards, and 
feet, 30 yards being represented by 7 inches. From the scale 
draw a line 3 perches, 2 yards, 1 foot long. Show ihe calculation. 

N.B. — 1 perch=5^ yards. 
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IV. 

1. From a point A ditiw the straight lines A B, A C, A D, 
2 inches, 3 inches, and 4 inches long respectively, making with 
each other equal angles (BAD, CAD, BAG) of 120** each. 
Join B C, B D, CD. Measure and write down the lengths of 
these lines and the size of the angles D B C, B C D, B D C. 

2. Construct two squares on sides of 2^ inches and 3^ inches, 
and also a third square having an area equal to that of the sum 
of the other two. Erect three of the perpendiculars by different 
methods. 

3. In a regular pentagon of 2*6 inches side inscribe a circle. 

4. Construct a plain scale in which 564 feet are represented 
^y 6*4 inches. The greatest dimension shown is to be 600 feet 
and the least 10 feet. 

5. From the above scale construct an isosceles triangle, having 
& vertical angle of 85° and a base 330 feet long. Write down 
^6 length in feet of the equal sides, and the size of the equal 
angles. 

6. On a line 3f inches long, construct the s^ment of a circle 
to contain an angle of 125°. Draw (in the segment) the lines 
containing the angle. 

V. 
1. Construct a scale of 3/5^ to show 1,000 paces. A pace 
=:30 inches. The scale to be properly figured. 




2. In a square of 3*2" side, inscribe four equal circles touch- 
ing each other and the middle points of the sides of the square 
as shown in the figure. 
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3. Divide a line 3'3" long into 17 equal parts by construc- 
tion. Divide the same line in the ratio 4 : 9. 

4. Construct an isosceles triangle, base 2", vertical angle 37°, 
and obtain a similar triangle of half the area. 

5. Draw the geometrical pattern shown in the figure. Side 
of octagons and squares 0*75". 



Fig. 31. 






/v_/~\ 



/v_/ 



v_y~^ 



6. Draw the five-sided figure double the given size. Reduce 
it to a triangle with vertex at a and base in ^ c produced. 

Fig. 32, 




7. The given figure (fig. 33) represents one link of a chain. 
Its outline is made up of circular arcs, and all necessary dimen- 
sions are given. Draw the link to a scale of \ full size. 

N.B. — It will be necesssuy to make the drawing near the 
middle of the paper in order that the centres of the larger arcs 
may not fall outside. 
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fio. 38. 




8. ' The angles in the same segment of a circle are equal.* 
Make use of this theorem in drawing a circular arc to pass through 



FiQ. S4. 



3 



IS 



a 'MS' 



4 



the three given points a, h, c. (Fig. 34.) The centre of the arc 
is not to be employed. 

VI. 

1. Construct a scale on which 80 feet are represented by 6 
inches. Make the whole scale of such a length that 50 feet are 
shown by it. 

2. Describe a regular pentagon of 2*25" side, and reduce it to 
a triangle of equal area. 

3. Draw a diagonal scale of 120 feet to an inch to measure 
single feet. Show 700 feet. 
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4. Draw the geometrical pattern shown in the figure, 
of larger circle 1*75", and that of smaller 0*65''. 



Kadius 



FiQ. 35. 




5. On a base 4*7" long describe a triangle having its two sides 
3*5'' and 3*9", and in the triangle inscribe a square. 

6. In a circle 1*75" radius inscribe three equal circles touching 
each other and the given circle. 

7. Draw A B and C D (fig. 36) two straight lines not parallel, 
but inclined at such an angle that the point of intersection cannot 

Fio. 36. 




D 



be determined on the paper. Through a point P, not equidistant 
from B and D, draw a straight line that would if produced pass 
through the point of intersection of the two given lines. 



Fio. 37. 
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8. Draw two etnight lines containing an angle of 3A'\ 
With a imdhit of 1*2' describe a circle touching both tlu« linod 
OQntuniiig the angle. Describe a second circle touching Uio firnt 
and tibe lines containing the angle. (Fig. 37.) 

VII. 

1. What 18 the representatiye fraction of a scale in which ^10 
yards are represented by 1*75 inches? 

a. Constmct a scale of Id yards to 1 inch. 

b. Constmct a diagonal scale of tttjWit r^<i")g furlongn, 

2. Determine a fourth proportional to the given linoi (t, h^ r, 
and a third proportional to a and b. Write down tlio longthii 

obtained. 

Fio. 38. 



e 



3. Show how a tangent can be drawn to a circle fn)m any 
exterior point without making use of the centre uf the oirolo, 

4. The line a b represents a piece of thread unwound from 
the giyen circle. Draw the curve traced by thv oxtrcnuty a 
when the thread is wound back on to the circle. 



Fio. 39. 
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5. In a hexagon the distance irom. an angle A to D the 
middle point of the side B C ia 2^". Draw the hexagon. 



Fig. 40. 




6. Draw a circle touching the given parallel lines and passing 
through the given point P. (Fig. 41.) 



Fio. 41. 



• p 



7. The figure shown (fig. 42) is made up of arcs of circles of 
two different radii. Sufficient dimensions are given ; draw the 
figure. 

FicL 42. 




8. Draw the ' Greek fret * or * key pattern * shown in the 
figure (fig. 43), the lines to be all ^" apart. The distinction 
between fine and strong lines is to be preserved. 
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Fio. 43. 



^" 



li 



vin. 

1. (Jonstrnot a scale of g^Jg^^p to show 80 miles. Construct 
also a oomparatiYe scale showing 100 versts (a verst equals 
698*8 yards). 

2. Draw six parallel straight lines 4" long 0-45" apart. Ink 
in these lines, gradually increasing the strength from the highest 
to the lowest Crossing these lines at right angles, draw a series 
of nine dotted lines 0*5" apart 

3. Draw a series of circles, diameters, 1", 1-25", 1-5", 1-75", 
touching each other successively and all touching a given line. 

*4. Construct a parallelogram from the given dimensions. 

Fio. 44. 




*5. By means of the protractor, plot the given angles in the 
order shown. In each angle inscribe a circle of 1^'' diameter. 

Fio. 45. 
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6. Determine a mean proportional between two lines 2*35" and 
1-25''. By a similar construction obtain >/3, taking 1" as unit. 
*7. Draw the given figure from the dimensions shown. 



Fig. 46. 




*8. Draw the given geometrical figure twice the size shown. 
The distinction between fine and strong lines to be preserved. 

Fig. 47. 
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RJ.CE, College^ Cooper's Hill Papers. 

I. 

1. Construct a scale to read feet and inches, 8^ feet being 
equivalent to 5*27 in. Mark the representative fraction. 

2. Draw the segment of a circle with a radius of If in. to 
contain an angle of 36® ; and draw two other circles having radii 
of *72 in. and *95 in. touching each other, and the arc of the seg- 
ment extemallj. 

3. At one extremity of a straight line 2*4 in. long, erect a per- 
pendicular 1^ in. long, without producing the line. Inscribe a 
circle in the triangle foruied by the perpendiculars, and the line 
joining their extremities. 

4. Draw a circle having an area of 6 square in., and divide its 
area by means of concentric circles into 4 equal areas. (The 
solution must be entirely geometrical, t being assumed 3*14.) 

5. Construct a diagonal scale of ^^ to measure metres, deci- 
metres (tenths of metres), and centimetres (hundredths of metres), 
the m^tre measuring 1*0936 English yards. 

6. Draw a regular heptagon of 1*4 in. side, and reduce it to 
a triangle of equal area. 

7. Determine a fourth proportional to three straight lines of 
the respective lengths of 1, Ig, and 1^ in. 

8. Construct a square and an equilateral triangle each having 
an area of 3*8 square in. (The solution must be entirely 
geometrical.) 

II. 

1. From the extremities of A B 3*3 inches long, and on oppo- 
site sides of it, draw A C, B D, 2 J" and 3-J" long respectively, 
making the angles CAB, DBA 113® and 81® respectively. 
Join C D, and divide it by construction into 5 equal parts. 

2. Construct a square on a side 3^''. In this square inscribe 
a circle ; and in this circle inscribe 3 equal circles. 

3. Construct from the mju^ked dimensions the figure A B C D 
E F G, of which the annexed diagram is a rough copy. Reduce 
the figure to a triangle of equal area, having its vertex in D and 
its base in A G (produced if necessary). Measure the sides in 
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feet, and the angles of this triangle and write dovm their magni- 
tudes. Scale 25 feet = 1 inch. 



Eio. 48. 




4. Draw a straight line 6' inches long and mark a point an inch 
perpendicularly above its centre; draw the arc of a circle to 
pass through this point and the extremities of the line ; at least 
four points in the arc must be determined. 

5. Construct a circle and equilateral triangle, each to contain 
an area of 7*5 square inches. The processes employed must be 
purely geometrical. 

6. Draw a scale of feet to measure all distances between. 70 
feet and 1 foot, 5^ feet being represented by '52" ; by the method 
of diagonal division make this scale available for measuring inches. 
From the scale draw a line 45 '*2'' long. 



7. The horizontal traces of two planes, having inclinations of 
35® and 55® respectively, intersect at an angle of 60®. Deter- 
mine the intersection of the planes, its inclination to the horizon, 
and the angle contained between the planes. 

3. A tetrahedron (i.e. a solid bounded by 4 equal and equi- 
lateral triangles) of 3 inches side, has one of its edges horizontal 
and an adjacent edge inclined at 40®. Draw a plan of the tetra- 
hedron. 
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III. 

1. Upon a straight line 8-15 inches long, and upon the same 
mde of it, describe two segments of circles containing respec- 
tivelj 145^ and 65^. Draw the angle in each segment. 

2. Draw three circles having radii of 1, 1^ and 2 inches respec- 
tively to touch each other externally. 

3. On a straight line 2^ inches long, and upon the same side 
of it, construct an equilateral triangle and a regular pentagon. 
Reduce the space included between the outside of the triangle 
and the inside of the pentagon to a triangle of equal area. 

4. Draw a straight line A B 98 feet long ; on it mark points 
C D E F distant respectively 18, 41, 62, and 77 feet from A ; 
at C and D erect perpendiculars C G, D H, on one side of A B, 
22 and 28 feet long ; and at E F erect perpendiculars E E, F L 
on the opposite side of A B, 35 and 32 feet long. Join A G, 
G H, H E, ^ L, L B. Write down the lengths (in feet) of these 
lines and the magnitude of the angles A G H, G H K, H K L, and 
K L B. Scale j 15 feet ^ 1 inch. 

3 

5. Determine geometrically the values of >/3 and n/2. 

6. The relative areas of a map and the country it represents 
are 121 square inches and 144 square miles. Draw the scale of 
the map to show miles and furlongs, and diagonally chains. 

From the scale draw a line 3 miles 2 furlongs 6 chains long. 
Mark the representative fraction of the scale. 

7. Two lines 3 and 4 inches long and inclined to the horizon 
at 25° and 35°, bisect each other at right angles. Draw the plan 
of the lines and the traces or scale of slope of the plane containing 
them. Determine the inclination of this plane to the horizon. 

8. Draw the plan of a cube of 3 inches edge when one face is 
inclined at 40° to the horizon and an edge in that face of 20°. 

IV. 

1. Construct an isosceles triangle with a base of 4^ inches and 
a vertical angle of 65°. Construct a square of equal area with 
the triangle. 
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2. Describe a circle with a radius of 2-58 inches and by means 
of 4 concentric circles divide its area into 5 equal parts. From 
any point in the outermost circle draw a tangent to the inner- 
most circle. 

3. Construct a scale, in which 5 furlongs are represented by 
'9 inches, to show miles and furlongs, and (diagonally) chains; 
mark the representative fraction. The scale should be lc«g 
enough to measure 5 miles. Show the calculation. 

4. Seven straight lines making equal angles (^^®) with each 
other radiate from a common centre. Make these lines respec- 
tively, taken in order, 60, 50, 40, 30, 20, 55, and 25 feet long. 
Join their extremities. Eeduce the irregular figure of seven sides 
thus formed to a triangle of equal area. Write down the length 
(in feet) of each of the three sides, and the size of each of the 
three angles of the triangle. Scale (which need not be drawn) 
25' = 1 inch. 

5. In a circle 2^ inches radius inscribe a regular pentagon, 
and in the pentagon inscribe an equilateral triangle. 

6. Determine geometrically the values of >/5 and of-^* 

7. The plan of an equilateral triangle of 3 inches side is a 
triangle having two of its sides 2^ and li^ inches, and the in- 
cluded angle 75°. Determine the scale of slope (or the traces) of 
the plane in which the triangle lies, and the inclination of this 
plane and the third side of the triangle to the horizon. 

8. Draw the plan of a right hexagonal prism 4 inches long, of 
which each side of the base measures 1^ inch, supposing one 
side of the base to rest on the horizontal plane and a face con- 
taining that side to be inclined 50° to the horizon. 



V. 

1. Upon a base B C, 2 inches long, describe a triangle ABC 
having the side AC 1*75 inches and the angle ABC equal to 
56®. Upon A B construct a square A B E F, and on A C con- 
struct a square A C G H. Join F H, and reduce the whole figure 
FEBCGHtoa triangle of equal area. 
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2. The distance between 2 places is 7^ miles, and measures on 
« map 1*1 inches. Draw a scale of miles to suit the map repre- 
senting 40 miles. Bj the diagonal method make the scale to 
show £arl(»iga. Write down the representative fraction, and 
show your calculations. 

8. With a centre C and radius of 3 inches describe a sector of 
a cirde A C B, haying the angle at C equal to 60^. In the sector 
inscribe a square having two of its comers in the arc A B. 

4. With a centre C and radius C B equal to 1*5 inches describe 
a circle and set ofiE an angle B C A equal to 45°. Make C A 
equal to 2'75 inches and describe a second circle touching the 
first in B and passing through the point A. 

5. Describe a triangle having its three sides 2*75 inches, 2*25 
inches, and 1*5 inches respecdvelj, and divide the triangle into 
three parts in the ratio of the numbers 3^ 4, and 5 hj lines 
paraUd to its shortest side. 

6. Determine the plan and elevation of a cube of 2 inches 
edge, having one face inclined at 50° and one edge in that face 
making an angle of 25° with the Horizontal Plane. 
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APPENDIX. 



IVothm. — To descrilw an eUipee, httTin^ giren tlia axM. 

Lat L H and B V btt the axes intaneeting ia the centre O. inUk 
centrea K *Bd V nod a ladiiu equal to L, Mmi-axu nuyor, dewiA» 
aics at A, B, 0, D. Witk «aitiM L ftnd H anda ndituOS,eqiial 
to semi-aziB minOT, deacribe atea cutting fimoer ana in A, B, O, D. 
JdnAB,Bp, OD, DA. IHvide OL,OU, OM, UB, DL, LA, 



Ete.l9. 




taeh into tlie same nomlier of equal parta, Mt^ four, draw lines oK, 
rR, i^R, 8B,/R. Join TQ, produce it to meet a R in x; joinV;i, 
produce it to meet &R in x; join Yk, prodace it to meet oR in a:} 
join Y {, produce it to meet rfR inxj join Ym, produce it to meet 
<R in x; join Vn, produce it to meet R/ in x. There ara thna 
obtuned nx points in curve of ellipse, and, bj a similar pvcesa, th» 
under half may be obtained. The eUipee muat be draini caiefollj 
bflisad. 
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By ihe same Author. 



ELEMENTARY 

GEOMETKICAL DRAWING. 

PART II. 

Balng tlie 8S00VD and eonelnding PART of the preftnt work, and 

eompridng the Element! of DeseriptiTe Oeometry, with iti 

Applieation to Horiiontal and leometrie Projection 

and the Projection of Bolide and Shadowf. 

Price 6*. 6d. 



'The Conneil of Military Edaca- 
tion, in their offieiftl reports, de- 
nounce the knowledge of geometrical 
drawing exhibited by the candidates 
finr admission to Woolwich as being 
-vague and nnsatiafiMStory in its na- 
tore and extent, as desultory, and 
ill-ealenlated to liable them, after 
joining the academy, to proceed at 
onee with their Artillery and Engi- 
neering stodies ; and, say they, this 
8tat€r of aflbirs must arise from the 
absmoe of any English work treat- 
ing of the subject of geometrical 
drawing in anything like a practical 
manner. This want Mr. WnmsB 
haa now supplied. The first part of 
his treatise dealt with the plane 
geometry ; the second completes his 
Wi(«k by embracing the practical 
geometry of planes and solids, and 
its ai^cation to horizontal and 
isometric prcgection, and the pro- 
jection of solids and shadows. The 



system adopted by the Author 
aToids the error of considering that 
su£Scient instruction is afforded in 
such mattws, provided the pupil 
learns how to do a thing, however 
ignorant he may be of the principles 
of the theory on which his methods 
are based, and of the properties and 
reasoning which proye those methods 
to be right. In publishing a work 
which proves clearly the leading 
principles of both plane and solid 
geometry, and the manner in which 
those principles are applied to the 
solution of practical questions, and 
especially those involved in the pre* 
scribed form of military education 
as at present laid down, Mr. Wnrras 
has conferred a boon on the scholas- 
tic profession in general, and on 
miHtary students in particular ; and 
has, moreover, contributed a valu- 
able addition to 'Rngljah educational 
literature.' Gnrnc. 
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By the same Attthor, 



MATHEMATICAL EXERCISES, 

COHFBISINa 

4,500 Example! in the Tarioiii branehei of Pure Maihematiei^ 

Statiei, Dynamioi, and Hydro itatiei, collected from 

Military, Civil Service, and other Examination 

Paperi, and arranged in Sets for the me 

of Stndenti preparing for 

Examination. 

Latest Edition, corrected and enlarged, with 900 additional 

Questions, price 68. 6d. 



This Collection of Exercises, first 
published in the year 1864, im- 
mediately found its way into general 
nse and continues in constant demand 
to the present time. It has been 
several times revised and reprinted ; 
but in the present edition a large 
number of the original questions 
which had become in some degree 
obsolete by the lapse of time have 
been withdrawn and replaced by 
new ones more in conformity with 
the reqtdrements of the several ex- 
amining boards. 

TheExEBOisBS, commencing with 
simple Arithmetic, gradually embrace 
Algebra, Plane and Spherical Trigo- 
nometry, Pure and Analytical (Geo- 
metry, Mensuration, the Differential 
and Integral] Calculus, Statics, Dy- 
namics, and Hydrostatics. They 
are therefore found serviceable to 



test the progress of a pupil at any 
stage of his course. The Collection 
differs in two respects from any with 
which the Author is acquainted: — 
firsts in the arrangement of the 
Questions; secondly, in the intro- . 
duction of a considerable portion of 
book-work, with a view to assimi- 
late the papers to those usually set 
at examinations. It has been found 
in practice that both of these 
changes from routine increase the 
utility of the work to students about 
to tmdergo examinations in which 
they have to encounter similar 
questions arranged in the same way. 
AiTSWBBS to the examples, occasional 
hints in the case of questions which 
present difficulty to beginners, and 
references to standard text-books» 
have been freely appended. 
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